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1
NUCLEIC ACID CONSTRUCT COMPRISING
NUCLEIC ACID DERIVED FROM GENOME
OF HEPATITIS C VIRUS OF GENOTYPE 3A

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted electronically in ASCII format and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on May 16, 2014, is named HIR-14-
1057_SL.txt and is 214,828 bytes in size.

TECHNICAL FIELD

This disclosure relates to a nucleic acid derived from the
genome of hepatitis C virus of genotype 3a, a nucleic acid
construct comprising the nucleic acid, and a method of
screening for an anti-hepatitis C virus substance.

BACKGROUND

In basic research on the hepatitis C virus (hereinafter, also
referred to as HCV) and research and development of
anti-HCV drugs, an experimental system that enables effi-
cient virus amplification is essential. Specifically, a system
for amplifying HCV in cultured cells and a system for
evaluating the propagation of HCV in cultured cells are
necessary, and it is considered that construction of such
systems will allow dramatic progress in the research men-
tioned above to be realized.

HCV is a virus belonging to the family Flavivirus. It
comprises a single-stranded (+) sense RNA as its genome,
and it is known to cause hepatitis C. HCV is classified into
many types depending on genotype or serotype. According
to phylogenetic analysis conducted by Simmonds et al.
using nucleotide sequences of HCV strains, HCV is classi-
fied into genotypes 1 to 6, and each type is further classified
into several subtypes (Simmonds et al., Hepatology, 1994,
Vol. 10, pp. 1321-1324). The full length genome nucleotide
sequences of a plurality of HCV genotypes have been
determined (Choo et al., Science, 1989, Vol. 244, pp. 359-
362, Kato et al., Journal of Medical Virology, 1992, Vol. 64,
pp- 334-339, Okamoto et al., Journal of General Virology,
1992, Vol. 73, pp. 673-679 and Yoshioka et al., Hepatology,
1992, Vol. 16, pp. 293-299).

HCV infection is spreading all over the world. In Japan,
the U.S.A., and Europe, the proportion of patients infected
with HCV of genotype 1 is high. In contrast, the proportion
of patients infected with HCV of genotype 3 is high in India,
Nepal, Pakistan, and Australia (Gravitz, Nature, 2011, Vol.
474, pp. s2-s4 and Rehman et al., Genetic Vaccines and
Therapy, 2011, Vol. 9, pp. 2-5).

Until recently, infection of cultured cells with HCV and
replication of HCV genomes in cultured cells have been
impossible. Accordingly, studies on mechanisms of HCV
replication and infection have required in vivo experiments
using chimpanzees as experimental animals. However, sub-
genomic replicon RNAs have been produced from the Conl
strain, the HCV-N strain, the HCV-O strain belonging to
HCV genotype 1b, and the H77c¢ strain belonging to HCV
genotype la. This has enabled studies on the HCV replica-
tion mechanism via in vitro experiments using cultured cells
(JP 2001-17187 A and Lohmann et al., Science, 1999, Vol.
285, pp. 110-113, Blight et al., Science, 2000, Vol. 290, pp.
1972-1974, Friebe et al., Journal of Virology, 2001, Vol. 75,
pp- 12047-12057 and Ikeda et al., Journal of Virology, 2002,
Vol. 76, pp. 2997-3006). Herein, the subgenomic replicon
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RNA of HCV means an RNA which comprises a portion of
HCV genome, and can autonomously replicate an RNA
derived from the HCV genome when introduced into cul-
tured cells, but does not have an ability to produce infectious
HCV particles.

In addition to subgenomic replicon RNAs, full-genomic
replicon RNAs producing infectious HCV particles in vitro
have been produced from the JFH-1 strain belonging to
HCV genotype 2a. This has enabled studies on the HCV
infection mechanism via in vitro experiments using cultured
cells (Kato et al., Gastroenterology, 2003, Vol. 125, pp.
1808-1817 and Wakita et al., Nature Medicine, 2005, Vol.
11, pp. 791-796). Herein, the full-genomic replicon RNA of
HCV means an RNA which comprises the full-length HCV
genome; ie., a 5' untranslated region, structural genes,
non-structural genes, and a 3' untranslated region, and can
autonomously replicate an RNA derived from the HCV
genome when introduced into cultured cells.

At present, RNAs that can produce infectious HCV par-
ticles in an in vitro system using cultured cells are limited to
those derived from the JFH-1 strain of genotype 2a. RNAs
capable of mass-producing HCV particles in an in vitro
system for obtaining raw material of an HCV vaccine are
limited to HCV of the JFH-1 strain or a full-genomic
replicon derived from the JFH-1 strain.

The main therapeutics for hepatitis C are monotherapy
using interferon-a or interferon- and combined therapy
using interferon-aa and ribavirin, which is a purine nucleo-
side derivative. Such therapy, however, is recognized as
having a therapeutic effect in only about 60% of all subjects,
and it is known that hepatitis C recurs in more than half of
even those patients for whom the therapy was effective, in
cases in which the therapy was stopped. The therapeutic
effect of interferon is associated with HCV genotype, and it
is known that the effect on genotype 1b is low and that the
effect on genotype 2a or 3a is higher (Mori et al., Biochemi-
cal and Biophysical Research Communications, 1992, Vol.
183, pp. 334-342). While the causes of differences in inter-
feron therapeutic effects depending on HCV genotype
remain unknown, differences in HCV replication mecha-
nism or replication efficiency are considered to be among the
causes.

In recent years, novel therapeutic agents against hepatitis
C such as inhibitors against HCV-derived protease or poly-
merase, have been developed. However, it is reported that
TMC435, which is an HCV NS3/4A protease inhibitor, has
strong inhibitory effects on genotypes 1 to 6 except for
genotype 3a, but weak inhibitory effects on genotype 3a; that
is, inhibitory effects against HCV vary depending on geno-
type (Reesink et al., Gastroenterology, 2010, Vol. 138, pp.
913-921).

The HCV subgenomic replicon RNAs that have been
produced are, however, limited to several types derived from
HCV strains of genotypes la, 1b, and 2a. Full-genomic
replicon RNAs capable of producing infectious HCV par-
ticles that have been produced are limited to those derived
from the genome of the JFH-1 strain of genotype 2a or those
derived from a chimeric genome composed of structural
genes derived from a strain other than the JFH-1 strain and
non-structural genes of the JFH-1 strain. It is therefore
difficult to elucidate the correlation between HCV genotype
and HCV replication mechanism or replication efficiency. At
present, unfortunately, HCV particles that can be artificially
prepared as raw materials for HCV vaccines are limited to
those of genotype 2a.

In studies using subgenomic replicon RNAs or full-
genomic replicon RNAs derived from HCV of the same
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genotype, HCV replication mechanisms or replication effi-
ciencies cannot be compared between different genotypes.
Accordingly, no clues regarding the development of anti-
HCV drugs that exert therapeutic effects independently of
genotype have been found.

In research and medical fields related to HCV, specifi-
cally, obtaining an HCV strain of genotype 3a and produc-
tion of replicon RNA thereof are strongly demanded in
developing genotype-independent anti-HCV drugs and, in
particular, anti-HCV drugs against HCV of genotype 3a.

Accordingly, it could be helpful to provide a novel HCV
strain of genotype 3a, and, further, replicon RNA having
autonomous replication ability derived from a novel HCV
strain of genotype 3a.

SUMMARY

We discovered the S310A strain, which is a novel HCV
strain of genotype 3a isolated from an acute hepatitis C
patient, and succeeded in producing replicon RNA having
autonomous replication ability from the S310A strain.
We thus provide:
[1] A nucleic acid comprising, in the following order, a 5'
untranslated region comprising the nucleotide sequence
of nucleotides 1 to 340 of SEQ ID NO: 1, the nucleotide
sequences encoding the amino acid sequence of an NS3
protein of amino acids 1033 to 1663, the nucleotide
sequence encoding the amino acid sequence of an
NS4A protein of amino acids 1664 to 1717, the nucleo-
tide sequence encoding the amino acid sequence of an
NS4B protein of amino acids 1718 to 1978, the nucleo-
tide sequence encoding the amino acid sequence of an
NSS5A protein of amino acids 1979 to 2430, the nucleo-
tide sequence encoding the amino acid sequence of an
NS5B protein of amino acids 2431 to 3021 of SEQ ID
NO: 14, and a 3' untranslated region comprising the
nucleotide sequence of nucleotides 9407 to 9655 of
SEQ ID NO: 1, which are of a genome of a hepatitis C
virus of genotype 3a, provided that if the nucleic acid
is RNA, thymine () in the nucleotide sequence shall be
replaced with uracil (u).
[2] The nucleic acid according to [1], wherein
the nucleotide sequence encoding the amino acid
sequence of the NS3 protein comprises the nucleo-
tide sequence of nucleotides 3437 to 5329 of SEQ ID
NO: 1,

the nucleotide sequence encoding the amino acid
sequence of the NS4 A protein comprises the nucleo-
tide sequence of nucleotides 5330 to 5491 of SEQ ID
NO: 1,

the nucleotide sequence encoding the amino acid
sequence of the NS4B protein comprises the nucleo-
tide sequence of nucleotides 5492 to 6274 of SEQ ID
NO: 1,

the nucleotide sequence encoding the amino acid
sequence of the NS5 A protein comprises the nucleo-
tide sequence of nucleotides 6275 to 7630 of SEQ ID
NO: 1, and

the nucleotide sequence encoding the amino acid
sequence of the NS5B protein comprises the nucleo-
tide sequence of nucleotides 7631 to 9406 of SEQ ID
NO: 1.

[3] The nucleic acid according to [1] or [2], wherein the
5" untranslated region is a nucleotide sequence com-
prising deletion, substitution, or addition of one or a
plurality of nucleotides in the nucleotide sequence of
nucleotides 1 to 340 of SEQ ID NO: 1.

4

[4] A nucleic acid comprising nucleotide mutation(s) in
the nucleotide sequence of the nucleic acid according to
any of [1] to [3], wherein the nucleotide mutation(s)
include a nucleotide mutation that causes at least one

5 amino acid substitution of the following (a) to (g), as
defined on the basis of the amino acid sequence shown
in SEQ ID NO: 14:
(a) a substitution of threonine at position 1286 with

isoleucine;
10 (b) a substitution of threonine at position 2188 with
alanine;
(c) a substitution of arginine at position 2198 with
histidine;
15 (d) a substitution of serine at position 2210 with
isoleucine;
(e) a substitution of threonine at position 2496 with
isoleucine;
() a substitution of arginine at position 2895 with
20 glycine; or
(g) a substitution of arginine at position 2895 with
lysine.

[5] The nucleic acid according to any of [1] to [4], which

further comprises a nucleotide sequence encoding a

25 Core protein, a nucleotide sequence encoding an El

protein, a nucleotide sequence encoding an E2 protein,

a nucleotide sequence encoding a p7 protein, and a

nucleotide sequence encoding an NS2 protein of a
hepatitis C virus genome.

30 [6] The nucleic acid according to [5], wherein

the nucleotide sequence encoding the Core protein
encodes the amino acid sequence of Core protein of
amino acids 1 to 191 of SEQ ID NO: 14,

the nucleotide sequence encoding the El1 protein

35 encodes the amino acid sequence of El protein of

amino acids 192 to 383 of SEQ ID NO: 14,

the nucleotide sequence encoding the E2 protein
encodes the amino acid sequence of E2 protein of
amino acids 384 to 752 of SEQ ID NO: 14,

40 the nucleotide sequence encoding the p7 protein
encodes the amino acid sequence of p7 protein of
amino acids 753 to 815 of SEQ ID NO: 14, and

the nucleotide sequence encoding the NS2 protein
encodes the amino acid sequence of NS2 protein of

45 amino acids 816 to 1032 of SEQ ID NO: 14.

[7] The nucleic acid according to [5] comprising the
nucleotide sequence shown in any of SEQ ID NOs: 1
and 49 to 51.

[8] The nucleic acid according to [4] comprising the

50 nucleotide sequence shown in any of SEQ ID NOs: 17

to 23 and 54.

The nucleic acid according to any of [1] to [8] may further

contain a foreign gene and/or an IRES sequence.

[9] A subgenomic replicon RNA of hepatitis C virus

55 comprising the nucleic acid according to any of [1] to

[4] and [8].

[10] A full-genomic replicon RNA of hepatitis C virus
comprising the nucleic acid according to any of [5] to
[7].

60 [11] A hepatitis C virus particle containing the nucleic

acid according to any of [5] to [7] as a virus genome.

The nucleic acid according to any of [1] to [8] may be
DNA. In addition, expression vector containing the nucleic
acid according to any of [1] to [8], and, in particular, such

65 DNA is within the scope of the preferred examples.

[12] A cell into which the nucleic acid according to any of
[1] to [8] has been introduced.
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[13] A hepatitis C virus vaccine comprising the hepatitis
C virus particle according to [11] or a part thereof.
[14] An antibody against hepatitis C virus, which recog-
nizes the hepatitis C virus particle according to [11] as
an antigen.

[15] A method of screening for an anti-hepatitis C virus

agent comprising:

a step of culturing the cells according to [12] or a
mixture of the hepatitis C virus particle according to
[11] and hepatitis C virus-sensitive cell in the pres-
ence and in the absence of a test substance;

a step of quantifying the amount of a subgenomic
replicon RNA, full-genomic replicon RNA, or hepa-
titis C virus particle in a culture obtained by the step
of culturing; and

a step of evaluating the result of the step of quantifying,
wherein the test substance is determined as a sub-
stance having an anti-hepatitis C virus activity if the
amount of the subgenomic replicon RNA, full-ge-
nomic replicon RNA, or hepatitis C virus particle
quantified in the culture prepared by culturing in the
presence of the test substance is lower than the
amount of the subgenomic replicon RNA, full-ge-
nomic replicon RNA, or hepatitis C virus particle
quantified in the culture prepared by culturing in the
absence of the test substance.

[16] The nucleic acid according to [5], wherein the

nucleic acid is a chimeric nucleic acid derived from the

genomes of two or more hepatitis C virus strains and

comprises, in the following order, from the 5' to 3'

direction:

the nucleotide sequence encoding the Core protein, the
nucleotide sequence encoding the E1 protein, the
nucleotide sequence encoding the E2 protein, and the
nucleotide sequence encoding the p7 protein of a
hepatitis C virus genome other than the hepatitis C
virus genome shown in SEQ ID NO: 1;

the nucleotide sequence encoding the NS2 protein of
nucleotides 2786 to 3436 of SEQ ID NO: 1, the
nucleotide sequence encoding the NS2 protein of a
hepatitis C virus genome other than the hepatitis C
virus genome shown in SEQ ID NO: 1, or a chimeric
NS2 protein consisting of a part of the nucleotide
sequence encoding an NS2 protein consisting of
nucleotides 2786 to 3436 of SEQ ID NO: 1 linked to
a part of the nucleotide sequence encoding an NS2
protein of a hepatitis C virus genome other than the
hepatitis C virus genome shown in SEQ ID NO: 1;
and

the nucleotide sequence encoding the NS3 protein
consisting of nucleotides 3437 to 5329, the nucleo-
tide sequence encoding the NS4A protein consisting
of nucleotides 5330 to 5491, the nucleotide sequence
encoding the NS4B protein consisting of nucleotides
5492 to 6274, the nucleotide sequence encoding the
NSS5A protein consisting of nucleotides 6275 to
7630, and the nucleotide sequence encoding the
NSS5B protein consisting of nucleotides 7631 to 9406
of SEQ ID NO: 1.

[17] A nucleic acid comprising nucleotide mutation(s) in

the nucleotide sequence of the nucleic acid according to

[16], wherein the nucleotide mutation(s) include a

nucleotide mutation that causes at least one amino acid

substitution of the following (a) to (g), as defined on the
basis of the amino acid sequence shown in SEQ ID NO:

14:
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(a) a substitution of threonine at position 1286 with
isoleucine;

(b) a substitution of threonine at position 2188 with
alanine;

(c) a substitution of arginine at position 2198 with
histidine;

(d) a substitution of serine at position 2210 with
isoleucine;

(e) a substitution of threonine at position 2496 with
isoleucine;

() a substitution of arginine at position 2895 with
glycine; and

(g) a substitution of arginine at position 2895 with
lysine.

[18] The nucleic acid according to [16] or [17], which
comprises a 5' untranslated region of a hepatitis C virus
genome other than the hepatitis C virus genome of SEQ
ID NO: 1, instead of the 5' untranslated region com-
prising the nucleotide sequence of nucleotides 1 to 340
of SEQ ID NO: 1.

[19] A chimeric full-genomic replicon RNA of a hepatitis
C virus comprising the nucleic acid according to any
one of [16] to [18].

This description includes the disclosure in Japanese Pat-
ent Application No. 2011-189695, to which this application
claims priority.

We can thus produce a replicon RNA of HCV of genotype
3a having autonomous replication ability in cultured cells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows (A) the structure of the full-length genomic
RNA of the HCV S310A strain (wild-type), (B) the structure
of pS310ASGR-Neo, the S310A strain HCV subgenomic
replicon RNA expression vector, and (C) the structure of the
S310A strain HCV subgenomic replicon RNA synthesized
from pS310ASGR-Neo with T7 polymerase.

FIG. 2 shows the results of colony formation of Huh7
cells transfected with the HCV subgenomic replicon RNA of
the wild-type S310A strain.

FIG. 3 shows the results of quantification of copy number
of HCV subgenomic replicon RNA in the S310A subge-
nomic replicon-replicating cells (clones).

FIG. 4 shows sensitivity of the replication of replicon
RNA to interferon in the S310A subgenomic replicon-
replicating cells (clones).

FIG. 5 shows sensitivity of the replication of replicon
RNA to an NS3 protease inhibitor, VX-950, in the S310A
subgenomic replicon-replicating cells (clones).

FIG. 6 shows sensitivity of the replication of replicon
RNA to an NS3 protease inhibitor, BILN-2061, in the
S310A subgenomic replicon-replicating cells (clones).

FIG. 7 shows sensitivity of the replication of replicon
RNA to an NS5B polymerase inhibitor, JTK-109, in the
S310A subgenomic replicon-replicating cells (clones).

FIG. 8 shows sensitivity of the replication of replicon
RNA to an NS5B polymerase inhibitor, PSI-6130, in the
S310A subgenomic replicon-replicating cells (clones).

FIG. 9 schematically shows the positions of amino acid
substitutions (mutations) identified in the S310A subge-
nomic replicon-replicating cells (clones) on the structure of
pS310ASGR-Neo.

FIG. 10 shows the structure of an HCV subgenomic
replicon RNA expression vector of a mutated S310A strain
(adaptive mutation-introduced S310A strain).



US 9,453,056 B2

7

FIG. 11 shows the results of colony formation of cells
transfected with the HCV subgenomic replicon RNA of the
wild-type S310A strain or the mutant HCV subgenomic
replicon RNA thereof.

FIG. 12 shows the structures of HCV subgenomic repli-
con RNA of the S310A strain into which the luciferase gene
(Luc) had been inserted instead of the Neo gene and its
expression vector, pS310ASGR-Luc, and the processes for
preparing them.

FIG. 13 shows the replication ability (luminescence inten-
sity) of the HCV subgenomic replicon RNA of a mutated
S310A strain containing the luciferase gene.

FIG. 14 shows the structure of HCV full-genomic repli-
con RNA (HCV full-length genome) of a mutated S310A
strain (adaptive mutation-introduced S310A strain).

FIG. 15 shows the HCV particle production ability (the
amount of Core proteins in the culture supernatant) of HCV
full-genomic replicon RNA of a mutated S310A strain (HCV
full-length genome).

FIG. 16 shows the structures of the HCV genomes of the
mutated S310A strain (adaptive mutation-introduced S310A
strain), the J6CF strain, the JFH-1 strain, and the TH strain;
and the structures of the chimeric HCV genomes comprising
non-structural genes of a mutated S310A strain and struc-
tural genes derived from the J6CF strain, the JFH-1 strain,
or the TH strain. The HCV full-genomic replicon RNAs of
the mutated S310A strains (full-length genomic RNA
mutants): S310A R2198H, S310A S2210I, and S310A
R2895K, comprise mutations R2198H, S22101, and R2895,
respectively. The positions of these mutations are collec-
tively shown on the HCV genome structure indicated on the
top, but each RNA comprises a single mutation.

DETAILED DESCRIPTION

The scientific terms, technical terms, and nomenclature
used throughout the description are intended to have the
same meanings as those generally understood by those
skilled in the art unless otherwise specifically defined. The
general technology and technical terms in the fields of
molecular biology and immunology are based on methods
and definitions described in Sambrook et al., Molecular
Cloning: A Laboratory Manual (Third Edition, 2001) and Ed
Harlow et al.,, Antibodies: A Laboratory Manual (1988).
Furthermore, all documents, patents, and patent applications
cited in the description are incorporated by reference herein
in their entirety.

Hepatitis C virus (HCV) is a virus with a single-stranded
(+) sense RNA as the genome. An HCV genome comprises
a 5' untranslated region (5' UTR), a nucleotide sequence
encoding a Core protein, an E1 protein, an E2 protein, a p7
protein, an NS2 protein, an NS3 protein, an NS4A protein,
an NS4B protein, an NS5A protein, and an NS5B protein (a
viral protein coding region); and a 3' untranslated region (3'
UTR). The HCV genome (the full-length HCV genome) is
an RNA composed of 5' UTR; nucleotide sequences encod-
ing a Core protein, an E1 protein, an E2 protein, a p7 protein,
an NS2 protein, an NS3 protein, an NS4 A protein, an NS4B
protein, an NS5A protein, and an NS5B protein; and 3' UTR,
located in this order from the 5' to 3' direction. For the
purpose of differentiating the full-length HCV genome from
a nucleic acid consisting of a part of the HCV genome, the
full-length HCV genome is also referred to as “HCV full-
length genome,” “full-length HCV genome,” “HCV full-
length genomic RNA,” “full-length HCV genomic RNA,” or
“full-length genomic RNA.”
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HCV is actually present as virus particles. The virus
particles of HCV (HCV particles) contain HCV genomes
inside viral capsids composed of HCV structural proteins.

The Core protein, the E1 protein, the E2 protein, and the
p7 protein of HCV are “structural proteins” constituting
HCV particles, and nucleic acids encoding such structural
proteins are referred to as “structural genes.” The HCV
genomic sequence comprising such structural genes is also
referred to as “structural region.” The NS2 protein, the NS3
protein, the NS4A protein, the NS4B protein, the NS5A
protein, and the NS5B protein of HCV are “non-structural
proteins” that do not constitute HCV particles, and nucleic
acids encoding such non-structural proteins are referred to as
“non-structural genes.” The HCV genomic sequence com-
prising such non-structural genes are also referred to as
“non-structural region.” Non-structural proteins have func-
tions involved in, for example, replication of an HCV
genome and processing of HCV proteins.

The 5' untranslated region (5' UTR) of HCV provides an
internal ribosome entry site (hereafter, referred to as
“IRES”) for protein translation and an element necessary for
replication. The 5' UTR of HCV is a region of about 360
nucleotides from the 5' terminus of the genome.

The 3' untranslated region (3' UTR) of HCV assists
replication of HCV. The 3' UTR of HCV contains a variable
region, a poly-U region, and an additional region of about
100 nucleotides.

HCV is translated into a single precursor protein (a
polyprotein) in which ten viral proteins (i.e., Core protein,
E1 protein, E2 protein, p7 protein, NS2 protein, NS3 protein,
NS4A protein, NS4B protein, NS5A protein, and NS5B
protein) are ligated in this order, and the precursor protein is
then cleaved into ten mature viral proteins (Core protein, E1
protein, E2 protein, p7 protein, NS2 protein, NS3 protein,
NS4A protein, NS4B protein, NS5A protein, and NS5B
protein) with intracellular and viral proteases.

While various HCV genotypes have been known, the
HCV genomes of such various genotypes are known to have
similar gene structures. The “genotype” of HCV refers to
genotypes classified in accordance with the international
classification by Simmonds et al.

The nucleic acid consisting of the nucleotide sequence
shown in SEQ ID NO: 1 in the Sequence Listing is the
genome of the S310A strain, which is a novel HCV strain of
genotype 3a isolated from an acute severe hepatitis C
patient. While the sequence shown in SEQ ID NO: 1 is a
c¢DNA sequence of full-length genomic RNA of the S310A
strain, a nucleotide sequence obtained by replacing the
thymine (t) with uracil (u) in the nucleotide sequence is its
RNA sequence. A method for isolating the HCV genome
from a patient is described in Kato et al., Gastroenterology,
2003, vol. 125, and pp. 1808-1817.

In the full-length HCV genome sequence of the S310A
strain (SEQ ID NO: 1), the 5' untranslated region (5' UTR)
consists of the sequence of nucleotides 1 to 340 of SEQ ID
NO: 1, the Core protein coding sequence consists of nucleo-
tides 341 to 913 of SEQ ID NO: 1, the E1 protein coding
sequence consists of nucleotides 914 to 1489 of SEQ ID NO:
1, the E2 protein coding sequence consists of nucleotides
1490 to 2596 of SEQ ID NO: 1, the p7 protein coding
sequence consists of nucleotides 2597 to 2785 of SEQ ID
NO: 1, the NS2 protein coding sequence consists of nucleo-
tides 2786 t0 3436 of SEQ ID NO: 1, the NS3 protein coding
sequence consists of nucleotides 3437 to 5329 of SEQ ID
NO: 1, the NS4A protein coding sequence consists of
nucleotides 5330 to 5491 of SEQ ID NO: 1, the NS4B
protein coding sequence consists of nucleotides 5492 to



US 9,453,056 B2

9

6274 of SEQ ID NO: 1, the NS5A protein coding sequence
consists of nucleotides 6275 to 7630 of SEQ ID NO: 1, the
NSS5B protein coding sequence consists of nucleotides 7631
to 9406 of SEQ ID NO: 1, and the 3' untranslated region (3'
UTR) consists of the sequence of nucleotides 9407 to 9655
of SEQ ID NO: 1. The structure of the full-length HCV
genome of the S310A strain is shown in FIG. 1A.

Specifically, the 5' untranslated region (5' UTR) of the
full-length HCV genome of the S310A strain (SEQ ID NO:
1) consists of the nucleotide sequence shown in SEQ ID NO:
2, the Core protein coding sequence consists of the nucleo-
tide sequence shown in SEQ ID NO: 3, the El protein
coding sequence consists of the nucleotide sequence shown
in SEQ ID NO: 4, the E2 protein coding sequence consists
of the nucleotide sequence shown in SEQ ID NO: 5, the p7
protein coding sequence consists of the nucleotide sequence
shown in SEQ ID NO: 6, the NS2 protein coding sequence
consists of the nucleotide sequence shown in SEQ ID NO:
7, the NS3 protein coding sequence consists of the nucleo-
tide sequence shown in SEQ ID NO: 8, the NS4A protein
coding sequence consists of the nucleotide sequence shown
in SEQ ID NO: 9, the NS4B protein coding sequence
consists of the nucleotide sequence shown in SEQ ID NO:
10, the NSSA protein coding sequence consists of the
nucleotide sequence shown in SEQ ID NO: 11, the NS5B
protein coding sequence consists of the nucleotide sequence
shown in SEQ ID NO: 12, and the 3' untranslated region (3'
UTR) consists of the nucleotide sequence shown in SEQ ID
NO: 13.

The amino acid sequence of the precursor protein of the
S310A strain is shown in SEQ ID NO: 14. The amino acid
sequence of the precursor protein of the S310A strain shown
in SEQ ID NO: 14 is encoded by the nucleotide sequence
portion consisting of nucleotides 341 to 9406 (including the
stop codon) of the cDNA sequence of the full-length
genomic RNA of the wild-type S310A strain shown in SEQ
ID NO: 1.

We provide the genome of the S310A strain, which is a
novel HCV strain of genotype 3a, and a replicon RNA
derived from the S310A strain, which has autonomous
replication ability is capable of autonomous replication, and
nucleic acids encoding them.

The term “nucleic acid” includes RNA and DNA. The
term “a protein coding region,” “a nucleotide sequence
encoding a protein,” “a sequence encoding a protein,” or “a
protein coding sequence” used herein refers to a nucleotide
sequence encoding an amino acid sequence of a given
protein, which may or may not contain a start codon and a
stop codon.

If the nucleic acid is RNA and a nucleotide sequence of
or a nucleotide in the RNA is to be identified with reference
to a SEQ ID NO: in the Sequence Listing herein, thymine (t)
in the nucleotide sequence shown in the SEQ ID NO: shall
be replaced with uracil (u).

Preferably, a nucleic acid comprises, in the following
order, a 5' untranslated region comprising the nucleotide
sequence of nucleotides 1 to 340 of SEQ ID NO: 1;
nucleotide sequences encoding the amino acid sequence of
NS3 protein of amino acids 1033 to 1663, the amino acid
sequence of NS4A protein of amino acids 1664 to 1717, the
amino acid sequence of NS4B protein of amino acids 1718
to 1978, the amino acid sequence of NS5A protein of amino
acids 1979 to 2430, the amino acid sequence of NS5B
protein of amino acids 2431 to 3021 of SEQ ID NO: 14 (a
precursor protein encoded by the nucleotide sequence shown
in SEQ ID NO: 1); and a 3' untranslated region comprising
the nucleotide sequence of nucleotides 9407 to 9655 of SEQ
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ID NO: 1, which are of a genome of a hepatitis C virus of
genotype 3a (the S310A strain or a mutant thereof). Further
preferably, the 5' untranslated region of the nucleic acid may
comprise deletion, substitution, or addition of one or a
plurality of (e.g., 2 to 20, and preferably 2 to 5) nucleotides
in the nucleotide sequence of nucleotides 1 to 340 of SEQ
ID NO: 1. The 5" untranslated region of the nucleic acid has
95% or more, preferably 97% or more, and more preferably
99% or more, e.g., 99.5% or more nucleotide sequence
identity with the nucleotide sequence of nucleotides 1 to 340
of SEQ ID NO: 1.

The nucleic acid may comprise, in the following order, a
5'untranslated region comprising the nucleotide sequence of
nucleotides 1 to 340 of SEQ ID NO: 1, the nucleotide
sequence encoding the amino acid sequence of NS3 protein
of'nucleotides 3437 to 5329 of SEQ ID NO: 1, the nucleotide
sequence encoding the amino acid sequence of NS4A pro-
tein of nucleotides 5330 to 5491 of SEQ ID NO: 1, the
nucleotide sequence encoding the amino acid sequence of
NS4B protein of nucleotides 5492 to 6274 of SEQ ID NO:
1, the nucleotide sequence encoding the amino acid
sequence of NS5A protein of nucleotides 6275 to 7630 of
SEQ ID NO: 1, the nucleotide sequence encoding the amino
acid sequence of NS5B protein of nucleotides 7631 to 9406
of SEQ ID NO: 1, and a 3' untranslated region of nucleotides
9407 to 9655 of SEQ ID NO: 1. In another preferred
example, the 5' untranslated region of the nucleic acid may
comprise deletion, substitution, or addition of one or a
plurality of (e.g., 2 to 20, and preferably 2 to 5) nucleotides
in the nucleotide sequence of nucleotides 1 to 340 of SEQ
ID NO: 1. The 5" untranslated region of the nucleic acid has
95% or more, preferably 97% or more, and more preferably
99% or more, e.g., 99.5% or more nucleotide sequence
identity with the nucleotide sequence of nucleotides 1 to 340
of SEQ ID NO: 1.

The nucleic acid need not comprise a nucleotide sequence
encoding a Core protein, a nucleotide sequence encoding an
E1 protein, a nucleotide sequence encoding an E2 protein, a
nucleotide sequence encoding a p7 protein, and a nucleotide
sequence encoding an NS2 protein of a hepatitis C virus
genome. Such nucleic acid may encode an HCV subgenomic
replicon RNA.

The nucleic acid may further comprise a nucleotide
sequence encoding a Core protein, a nucleotide sequence
encoding an E1 protein, a nucleotide sequence encoding an
E2 protein, a nucleotide sequence encoding a p7 protein, and
anucleotide sequence encoding an NS2 protein of a hepatitis
C virus genome. Such nucleic acid may encode an HCV
full-genomic replicon RNA. In such a case, the nucleotide
sequence encoding the Core protein, the nucleotide
sequence encoding the E1 protein, the nucleotide sequence
encoding the E2 protein, the nucleotide sequence encoding
the p7 protein, and the nucleotide sequence encoding the
NS2 protein may be derived from a genome of a hepatitis C
virus of genotype 3a (e.g., the S310A strain or a mutant
thereof).

When such nucleotide sequences are derived from the
genome of the hepatitis C virus genotype 3a, the nucleotide
sequence encoding the Core protein preferably encodes the
amino acid sequence of the Core protein of amino acids 1 to
191 of SEQ ID NO: 14. The nucleotide sequence encoding
the E1 protein preferably encodes the amino acid sequence
of the E1 protein of amino acids 192 to 383 of SEQ ID NO:
14. The nucleotide sequence encoding the E2 protein pref-
erably encodes the amino acid sequence of the E2 protein of
amino acids 384 to 752 of SEQ ID NO: 14. The nucleotide
sequence encoding the p7 protein preferably encodes the
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amino acid sequence of the p7 protein of amino acids 753 to
815 of SEQ ID NO: 14. The nucleotide sequence encoding
the NS2 protein preferably encodes the amino acid sequence
of the NS2 protein of amino acids 816 to 1032 of SEQ ID
NO: 14.

The nucleotide sequence encoding the Core protein, the
nucleotide sequence encoding the E1 protein, the nucleotide
sequence encoding the E2 protein, the nucleotide sequence
encoding the p7 protein, and the nucleotide sequence encod-
ing the NS2 protein may be derived from a genome of HCV
(e.g., an existing HCV strain) of genotypes other than 3a
(e.g., la, 1b, 2a, 2b, 2c, 3b, 4, Sa, or 6a). In such a case, the
nucleic acid is a chimeric form (chimeric nucleic acid).

The nucleic acid may comprise one or a plurality of
(preferably 2 to 50, such as 2 to 10) nucleotide mutations in
the nucleotide sequence of the above-mentioned nucleic
acid. The nucleotide mutation is, but not limited to, prefer-
ably deletion, substitution, or addition of a nucleotide. The
nucleotide mutation may be synonymous mutation that does
not cause amino acid substitution, or it may be non-synony-
mous mutation that causes amino acid substitution, provided
that the autonomous replication ability is retained. As long
as the autonomous replication ability is retained, amino acid
substitution may be conservative or non-conservative.

The nucleic acid may comprise a 5' untranslated region
derived from a genome of HCV (e.g., an existing HCV
strain) of genotype other than 3a (e.g., 1a, 1b, 2a, 2b, 2¢c, 3b,
4, 5a, or 6a) instead of the 5' untranslated region comprising
the nucleotide sequence of nucleotides 1 to 340 of SEQ ID
NO: 1.

The nucleic acid may further contain a foreign gene (e.g.,
a drug resistance gene or a reporter gene) and an IRES
sequence.

The nucleic acid may be HCV replicon RNA such as HCV
subgenomic replicon RNA or HCV full-genomic replicon
RNA, or a nucleic acid encoding the same. The nucleic acid
may be, for example, an expression cassette comprising a
nucleotide sequence encoding the HCV replicon RNA. The
nucleic acid may be DNA, RNA, or a DNA/RNA chimera,
and it may contain a modified nucleotide or the like.

The term “replicon RNA” used herein refers to an RNA
that can autonomously replicate in cultured cells (typically
HCV-sensitive cells). The replicon RNA introduced into
cells autonomously replicates, and the RNA copies are
distributed to daughter cells, following cell division. Thus,
nucleic acids can be stably introduced into cells via the
replicon RNA.

The term “replicon RNA of HCV” or “HCV replicon
RNA” refers to an autonomously replicable RNA compris-
ing a part or full-length of an HCV genomic RNA. An
autonomously replicable RNA comprising a part of an HCV
genomic RNA is referred to as “HCV subgenomic replicon
RNA,” and an autonomously replicable RNA comprising a
full-length of an HCV genomic RNA is referred to as “HCV
full-genomic replicon RNA.” The term “HCV replicon
RNA” refers to both HCV subgenomic replicon RNA and
HCV full-genomic replicon RNA.

It is preferred that the HCV subgenomic replicon RNA
comprise the 5' untranslated region (5' UTR); the nucleotide
sequences encoding the NS3 protein, the NS4A protein, the
NS4B protein, the NS5A protein and the NS5B protein, and
the 3' untranslated region (3' UTR) of HCV in this order
from the 5' to 3' direction. It is also preferred that the HCV
subgenomic replicon RNA further comprise a foreign gene
(e.g., a drug resistance gene or a reporter gene) and an IRES
sequence for detection of the HCV subgenomic replicon
RNA. In such a case, it is preferred to insert the foreign gene
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(the drug resistance gene or the reporter gene) and the IRES
sequence on the 5' side of the NS3 protein coding sequence
of the HCV subgenomic replicon RNA.

The “HCV subgenomic replicon RNA” preferably
includes the nucleic acid. The “HCV subgenomic replicon
RNA” is preferably expressed from the nucleic acid. A
preferred example of “HCV subgenomic replicon RNA” is
an RNA comprising the 5' untranslated region (5' UTR), a
sequence of 57 nucleotides from the 5' terminus of the
nucleotide sequence encoding the Core protein, a foreign
gene (a drug resistance gene or a reporter gene), an IRES
sequence, the nucleotide sequence encoding the NS3 pro-
tein, the NS4A protein, the NS4B protein, the NS5 A protein
and the NS5B protein, and the 3' untranslated region (3'
UTR) of HCV in this order from the 5' to 3' direction.

It is preferred that the HCV full-genomic replicon RNA
comprise the 5' untranslated region (5' UTR), the nucleotide
sequences encoding the Core protein, the E1 protein, the E2
protein, the p7 protein, the NS2 protein, the NS3 protein, the
NS4A protein, the NS4B protein, the NS5A protein and the
NS5B protein, and the 3' untranslated region (3' UTR) of
HCV located in this order from the 5' to 3' direction. The
HCV full-genomic replicon RNA may further comprise a
foreign gene (a drug resistance gene or a reporter gene) and
an IRES sequence. In such a case, the foreign gene (the drug
resistance gene or the reporter gene) and the IRES sequence
are preferably located on the 5' side of the nucleotide
sequence encoding the Core protein of the HCV full-ge-
nomic replicon RNA.

When the full-length HCV genomic nucleic acid has
autonomous replication ability, such genome is replicon
RNA. Replicon RNA containing the full-length HCV
genomic nucleic acid is referred to as HCV full-genomic
replicon RNA. An RNA consisting of the HCV full-length
genomic sequence (i.e., HCV full-length genomic RNA) and
having autonomous replication ability is HCV full-genomic
replicon RNA.

Examples of the drug resistance gene that can be con-
tained in the HCV replicon RNA (HCV full-genomic rep-
licon RNA and HCV subgenomic replicon RNA) and the
nucleic acid include neomycin resistance genes, hygromycin
resistance genes, thymidine kinase genes, kanamycin resis-
tance genes, pyrithiamine resistance genes, adenylyltrans-
ferase genes, zeocin resistance genes, puromycin resistance
genes, and blasticidin S resistance genes, with the neomycin
resistance genes and the hygromycin resistance genes being
preferred, and the neomycin resistance genes being more
preferred.

Examples of the reporter genes that can be contained in
the HCV replicon RNA and the nucleic acid include struc-
tural genes of enzymes that catalyze the luminous reaction
or color reaction. Preferred examples of the reporter gene
include chloramphenicol acetyl transferase genes derived
from transposon Tn9, f-glucuronidase or [-galactosidase
genes derived from E. coli, luciferase genes, green fluores-
cent protein genes, aequorin genes derived from jellyfish,
and secretory placental alkaline phosphatase (SEAP) genes.

The HCV replicon RNA or the nucleic acid may contain
either or both the drug resistance gene and the reporter gene.
One, or two or more of drug resistance genes or the reporter
genes may be contained in the HCV replicon RNA or the
nucleic acid. When two or more of drug resistance genes or
reporter genes are contained, each gene may be ligated to a
virus-derived 2A peptide gene in the proper reading frame
(i.e., in-frame). Examples of 2A peptides include Thosea
asigna virus-derived 2A peptides (T2A), Foot-and-mouth
disease virus-derived 2A peptides (F2A), Equin rhinitis A
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virus-derived 2A peptides (E2A), and Porcine tescho virus
1-derived 2A peptides (P2A) (Kim et al., PLos One., 2011,
Vol. 6 (4), e18556).

The “IRES sequence” that can be contained in HCV
replicon RN A and the nucleic acid is as described above. For
example, the term “IRES sequence” refers to an internal
ribosome entry site that can allow a ribosome to bind an
internal region of RNA and start translation. Preferred
examples of the IRES sequence include EMCV IRES (the
internal ribosome entry site of the encephalomyocarditis
virus), FMDV IRES, and HCV IRES, with EMCV IRES and
HCV IRES being more preferred, and EMCV IRES being
the most preferred.

In the HCV replicon RNA and the nucleic acid, the drug
resistance gene and/or the reporter gene is ligated to be
translated in a proper reading frame (in-frame) from the
HCV replicon RNA. The proteins encoded by the HCV
replicon RNA or the nucleic acid are preferably ligated to
one another through, for example, a protease cleavage site
therebetween so that the proteins are translated and
expressed as a stretch of polypeptides, cleaved into each
protein with a protease, and then released.

The HCV-sensitive cell refers to a cell that allows infec-
tion with HCV particles or replication of the HCV replicon
RNA in a cell culture system, and examples thereof include
Huh7 cells, HepG2 cells, IMY-NO cells, Hel.a cells, 293
cells, and derivative strains of the Huh7 cells such as Huh7.5
cells and Huh7.5.1 cells. Other examples include Huh7 cells,
HepG2 cells, IMY-N9 cells, Hel.a cells, and 293 cells
engineered to express a CD81 gene and/or a Claudinl gene
(Lindenbach et al., Science, 2005, vol. 309, pp. 623-626;
Evans et al., Nature, 2007, vol. 446, pp. 801-805; Akazawa
etal., J. Virol., 2007, vol. 81, pp. 5036-5045). Huh7 cells and
derivative strains thereof are particularly preferred. The term
“derivative strain” refers to a strain derived from the cell.

It has been demonstrated that efficient replication of an
HCV genome often requires a mutation to occur in the
nucleotide sequence of the genome (Lohmann et al., Journal
of Virology, 2001, vol. 75, pp. 1437-1449). Mutation for
enhancing the replication ability is called adaptive mutation.

The nucleic acid and HCV replicon RNA may comprise
an adaptive mutation. Examples of adaptive mutations that
enhance the replication ability of the S310A strain HCV
subgenomic replicon RNA include T12861 (a mutation of
threonine (T) at position 1286 to isoleucine (1)), T2188A (a
mutation of threonine (T) at position 2188 to alanine (A)),
R2198H (a mutation of arginine (R) at position 2198 to
histidine (H)), S2210I (a mutation of serine (S) at position
2210 to isoleucine (1)), T24961 (a mutation of threonine (T)
at position 2496 to isoleucine (1)), R2895G (a mutation of
arginine (R) at position 2895 to glycine (G)), and R2895K
(a mutation of arginine (R) at position 2895 to lysine (K)),
as defined on the basis of the amino acid sequence shown in
SEQ ID NO: 14 (the full-length amino acid sequence of the
precursor protein of the S310A strain). HCV subgenomic
replicon RNA or HCV full-genomic replicon RNA having
enhanced replication ability or a nucleic acid encoding the
same can be obtained by introducing these adaptive muta-
tions alone or in combination into the nucleic acid or HCV
replicon RNA such as the HCV genome of the S310A strain.
A nucleotide mutation in the nucleic acid or HCV replicon
RNA preferably one causing mutation T12861, R2198H,
S22101, or R2895K in the amino acid sequence, and more
preferably one causing mutation R2198H, S2210I, or
R2895K in the amino acid sequence. Alternatively, an
adaptive mutation described in a publication may be intro-
duced alone or in combination with the mutation described
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above. Any mutation that enhances the replication ability of
the HCV replicon RNA derived from the S310A strain may
be introduced. The mutation T12861 occurs in the NS3
protein, the mutations T2188A, R2198H, and S2210I occur
in the NS5A protein, and the mutations T24961, R2985G,
and R2985K occur in the NS5B protein.

A mutation can be introduced into the nucleic acid and
HCV replicon RNA such as the genome of the isolated
wild-type HCV strain of genotype 3a, by PCR or using a
commercially available mutagenesis kit (e.g., KOD-Plus-
Mutagenesis Kit, manufactured by Toyobo Co., Ltd.). For
example, a sequence portion of interest can be amplified by
performing PCR with the use of a vector comprising cloned
c¢DNA of the wild-type HCV genomic RNA of genotype 3a
as a template and forward and reverse primers designed
based on the ¢cDNA sequence and comprising mutations to
be introduced. Specifically, the nucleic acid of interest can
be amplified by synthesizing a plurality of different PCR
products having sequences overlapping each other, mixing
the PCR products, and performing PCR using the resulting
mixture of the PCR products as a template, a forward primer
containing the 5' terminus of the nucleic acid of interest, and
a reverse primer containing the 5' terminus of the comple-
mentary strand of the nucleic acid. Each terminus of the
synthesized nucleic acid is cleaved with a restriction enzyme
and then ligated to a vector comprising cloned cDNA of the
wild-type HCV genomic RNA cleaved with the same
enzyme. Basic techniques of such procedure are also
described in, for example, International Publication Nos.
WO 04/104198 and WO 06/022422, Wakita et al., 2005,
Nature Medicine, No. 11, pp. 791-796, and Lindenbach et
al., 2005, Science, No. 309, pp. 623-626.

The nucleic acid or HCV subgenomic replicon RNA can
be a nucleic acid comprising, in the following order from the
5'to 3' direction, the 5' untranslated region (5' UTR) (SEQ
ID NO: 2), the NS3 protein coding sequence (SEQ ID NO:
8), the NS4A protein coding sequence (SEQ ID NO: 9), the
NS4B protein coding sequence (SEQ ID NO: 10), the NSS5A
protein coding sequence (SEQ ID NO: 11), the NS5B
protein coding sequence (SEQ ID NO: 12), and the 3'
untranslated region (3' UTR) (SEQ ID NO: 13) of the
full-length HCV genome of the S310A strain (SEQ ID NO:
D).

The nucleic acid or HCV subgenomic replicon RNA can
be a nucleic acid comprising at least one mutation selected
from the group consisting of T12861, T2188A, R2198H,
S22101, T24961, R2895G, and R2895K in a nucleotide
sequence comprising, in the following order from the 5' to
3" direction, the 5' untranslated region (5' UTR) (SEQ ID
NO: 2), the NS3 protein coding sequence (SEQ ID NO: 8),
the NS4A protein coding sequence (SEQ ID NO: 9), the
NS4B protein coding sequence (SEQ ID NO: 10), the NSS5A
protein coding sequence (SEQ ID NO: 11), the NS5B
protein coding sequence (SEQ ID NO: 12), and the 3'
untranslated region (3' UTR) (SEQ ID NO: 13) of the
full-length HCV genome of the S310A strain (SEQ ID NO:
1). Preferably, the nucleic acid or HCV subgenomic replicon
RNA can be a nucleic acid comprising, in the following
order from the 5' to 3' direction, the 5' untranslated region (5'
UTR), the NS3 protein coding sequence, the NS4A protein
coding sequence, the NS4B protein coding sequence, the
NSS5A protein coding sequence, the NS5B protein coding
sequence, and the 3' untranslated region (3' UTR) of the
full-length HCV genome of the S310A strain and compris-
ing the mutation T1286I, R2198H, or R2895K. More pret-
erably, the nucleic acid or HCV subgenomic replicon RNA
can be a nucleic acid comprising, in the following order
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from the 5' to 3' direction, the 5' untranslated region (5'
UTR), the NS3 protein coding sequence, the NS4 A protein
coding sequence, the NS4B protein coding sequence, the
NSS5A protein coding sequence, the NS5B protein coding
sequence, and the 3' untranslated region (3' UTR) of the
full-length HCV genome of the S310A strain and compris-
ing the mutation R2198H or R2895K.

The HCV subgenomic replicon RNA may further contain
a drug resistance gene and/or a reporter gene and an IRES
sequence. In such a case, it is preferred that the drug
resistance gene and/or the reporter gene be inserted into
downstream of the 5' UTR and the IRES sequence be
inserted into a site further downstream thereof.

More preferably, the HCV subgenomic replicon RNA is a
nucleic acid consisting of the nucleotide sequence shown in
SEQ ID NO: 16 (the HCV subgenomic replicon RNA of the
wild-type S310A strain, FIG. 1C). Also preferably, HCV
subgenomic replicon RNA is an RNA comprising a mutation
selected from the group consisting of T12861, T2188A,
R2198H, S22101, T24961, R2895G, and R2895K intro-
duced, more preferably mutation T1286I, R2198H, or
R2895K, in the nucleotide sequence shown in SEQ ID NO:
16. Examples thereof include nucleic acids comprising the
nucleotide sequences shown in SEQ ID NO: 17 (the
sequence comprising the mutation T12861 in an HCV sub-
genomic replicon RNA of the wild-type S310A strain), SEQ
ID NO: 18 (the sequence comprising the mutation R2198H
in an HCV subgenomic replicon RNA of the wild-type
S310A strain), and SEQ ID NO: 19 (the sequence compris-
ing the mutation R2895K in an HCV subgenomic replicon
RNA of the wild-type S310A strain).

The nucleic acid constituting the HCV subgenomic rep-
licon RNA may be a nucleic acid that further comprises
another mutation of a nucleotide other than the nucleotide
corresponding to the above-mentioned mutation, but has the
replication ability equivalent to that of the nucleic acid
containing the mutation mentioned above. Examples of such
other mutation include substitution of one or more nucleo-
tides, and preferably the nucleic acid having such other
mutation comprises a nucleotide sequence having 90% or
more, preferably 95% or more, and further preferably 97%
or more identity with the nucleotide sequence of the original
nucleic acid. In addition, examples of such other mutation
include deletion and addition of one or more nucleotides. In
that case, preferably the nucleic acid having such other
mutation comprises a nucleotide sequence having 90% or
more, preferably 95% or more, and further preferably 97%
or more identity with the nucleotide sequence of the original
nucleic acid. When a mutation is a deletion or addition
occurring within a protein-coding sequence, preferably, a
reading frame to be translated into an amino acid sequence
of a protein is not shifted. Further examples of such other
mutation include deletion, substitution, and addition of one
or a plurality of nucleotides within the 5' untranslated region
or 3' untranslated region of the HCV genome. Preferably, the
nucleic acid having such other mutation comprises a nucleo-
tide sequence having 90% or more, preferably 95% or more,
and further preferably 97% or more identity with the nucleo-
tide sequence of the original nucleic acid. Furthermore,
examples of such other mutation include deletion, substitu-
tion, and addition of one or a plurality of nucleotides within
the nucleotide sequences encoding the HCV proteins in the
HCV genome (viral protein coding region). Preferably, the
nucleic acids having such other mutation have 90% or more,
preferably 95% or more, and further preferably 97% or more
identity to the nucleotide sequence of the original nucleic
acid. When a mutation is a deletion or addition, preferably,
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a reading frame to be translated into an amino acid sequence
of the HCV protein is not shifted.

In the description, an amino acid or an amino acid residue
is shown using a single character code or a three character
code that is generally used in the biology field (Sambrook et
al., Molecular Cloning: A Laboratory Manual, Second Edi-
tion, 1989), and an amino acid after post-translational modi-
fication such as hydration, glycosylation, and sulfation is
also included therein.

In the description, an amino acid at a particular position
of'an amino acid sequence shown in a SEQ ID NO: may be
identified by the following expression: “(amino acid) at
position ‘Y’ as defined on the basis of the amino acid
sequence shown in SEQ ID NO: ‘X’.” For example, the
phrase “(amino acid) at position ‘Y’ as defined on the basis
of the amino acid sequence of the precursor protein of the
S310A strain shown in SEQ ID NO: 14” means that the
amino acid of is positioned at the “Y”th position in the
amino acid sequence of the precursor protein of the HCV
S310A strain shown in SEQ ID NO: 14 when the first amino
acid (methionine) at its N-terminus is defined as the first
position. When the expression “(amino acid) at position Y’
as defined on the basis of the amino acid sequence shown in
SEQ ID NO: “X’” is used, the amino acid identified by the
expression may or may not be the position “Y” in a mutant
(e.g., a truncated sequence) of the sequence shown in SEQ
ID NO: “X” as long as it is aligned with the corresponding
amino acid at position “Y” of SEQ ID NO: “X.” Specifically,
for example, the expression “a precursor protein consisting
of the amino acid sequence of the NS3 protein, the NS4A
protein, the NS4B protein, the NS5A protein, and the NS5B
protein of the S310A strain and having substitution of
threonine at position 2496 with isoleucine as defined on the
basis of the amino acid sequence of the precursor protein of
the S310A strain shown in SEQ ID NO: 14,” means that
threonine, which is located at position 2496 in SEQ ID NO:
14 but is not located at position 2496 in a truncated sequence
as counted from the N terminus because of truncation of the
N-terminus from the amino acid sequence shown in SEQ ID
NO: 14, is substituted with isoleucine in the truncated
protein.

In the description, an expression such as R2895K indi-
cates substitution of an amino acid at a particular position.
However, such expression may indicate a nucleotide muta-
tion causing such amino acid substitution depending on the
context. When a nucleotide mutation is occurred in a nucleic
acid and thereby arginine (R) at position 2895 in an amino
acid sequence encoded by the original nucleic acid is
substituted with lysine (K), for example, such nucleotide
mutation is may be also referred to as substitution (or
mutation) R2895K. A nucleic acid encoding an amino acid
sequence comprising such mutation may be referred to as a
nucleic acid comprising substitution (or mutation) R2895K
or a nucleic acid into which substitution (or mutation)
R2895K had been introduced. Alternatively, such mutation
may be referred to as nucleotide mutation causing the
substitution (or mutation) R2895K in the amino acid
sequence or mutation causing substitution (or mutation)
R2895K in the amino acid sequence. For example, HCV
replicon RNA into which substitution (or mutation) R2895K
had been introduced may be referred to as R2895K mutant
HCV replicon RNA. When a plurality of mutations such as
amino acid substitutions of T24961 and R2895K, are present
simultaneously, such condition may be expressed as “com-
prising substitutions (or mutations) T24961/R2895K.” The
term “amino acid substitution” may be expressed as “amino
acid mutation.”
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A nucleotide mutation causing a particular amino acid
substitution can be determined based on the list of genetic
codes well known in the art. For example, a mutation
causing substitution R2895K is a mutation of the codon
encoding arginine; i.e., “CGU,” “CGC,” “CGA,” “CGG,”
“AGA,” or “AGG” to the codon encoding lysine; i.e.,
“AAA” or “AAG.” A nucleotide mutation causing the sub-
stitution R2895K in the full-length genomic sequence of the
S310A strain (SEQ ID NO: 1) is a mutation of the codon
“AGA” (corresponding to position 9023 to 9025 in SEQ ID
NO: 1) to the codon “AAG” or “AAA.” This is a mutation
of'a nucleotide sequence of nucleotides 9024 to 9025 in SEQ
ID NO: 1,5'-GA-3', to 5'-AG-3' or a change of nucleotide
9024 (G) into adenine (A).

Similarly, amino acid substitution of arginine at position
2198 as defined on the basis of the amino acid sequence of
the precursor protein of the S310A strain shown in SEQ ID
NO: 14 with histidine is expressed as R2198H. A nucleotide
mutation causing the substitution R2198H in the full-length
genomic sequence of the S310A strain (SEQ ID NO: 1) is a
mutation of the codon encoding arginine “CGU” (positions
6932 to 6934 in SEQ ID NO: 1) to the codon encoding
histidine “CAU” or “CAC.”

Similarly, amino acid substitution of threonine at position
1286 as defined on the basis of the amino acid sequence of
the precursor protein of the S310A strain shown in SEQ ID
NO: 14 with isoleucine is expressed as T12861. A nucleotide
mutation causing the substitution T12861 in the full-length
genomic sequence of the S310A strain (SEQ ID NO: 1) is a
mutation of the codon encoding threonine “ACU” (positions
4196 to 4198 in SEQ ID NO: 1) to the codon encoding
isoleucine “AUU,” “AUC,” or “AUA.”

In the description, the nucleotide position of a nucleotide
sequence shown in a SEQ ID NO: is based on the nucleotide
number when the nucleotide at the first position of the '
terminus in a nucleotide sequence shown by the SEQ ID NO
is defined as the first nucleotide.

The HCV subgenomic replicon RNA can be obtained by
transcription (or expression) from an expression vector.
Basic techniques relating to construction of an HCV sub-
genomic replicon RNA expression vector are described in
Lohmann et al., Science, 1999, vol. 285, pp. 110-113 and
Kato et al., Gastroenterology, 2003, vol. 125, pp. 1808-1817.
Specifically, for example, an HCV subgenomic replicon
RNA expression vector can be constructed by inserting
c¢DNA composed of the 5' untranslated region (5' UTR), 57
nucleotides of the region encoding the Core protein, a
foreign gene (a drug resistance gene or a reporter gene), an
EMCYV IRES sequence, the nucleotide sequences encoding
the NS3 protein, the NS4A protein, the NS4B protein, the
NSS5A protein and the NS5B protein, and the 3' untranslated
region (3' UTR) ligated in this order from the 5' to 3'
direction, into downstream of the T7 promoter. When
nucleotide sequences are to be ligated to each other, an
additional sequence such as a restriction enzyme site, may
be inserted into the site of ligation.

The HCV subgenomic replicon RNA can be synthesized
from the constructed expression vector for an HCV subge-
nomic replicon RNA using a polymerase. For example, a
nucleic acid prepared via cloning of HCV ¢cDNA under the
control of a T7 promoter is used as a template to prepare
RNA in vitro by synthesis using the MEGAscript T7 kit
(Ambion, Inc.). The HCV subgenomic replicon RNA tran-
scribed from this vector autonomously replicates in the cells
transfected with the RNA. This disclosure encompasses the
cells transfected with the HCV subgenomic replicon RNA.
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In addition to the T7 promoter, any promoter such as an
SP6 promoter, a T3 promoter, or a TS promoter, can be used,
with the T7 promoter being preferred.

Examples of vectors that can be used include pUC19
(Takara Bio Inc.), pBR322 (Takara Bio Inc.), pGEM-T,
pGEM-T Easy, and pGEM-3Z (Promega Corp.), pSP72
(Promega Corp.), pCR11 (Invitrogen Corp.), and pT7Blue
(Novagen, Inc.).

The cells that are transfected with the HCV subgenomic
replicon RNA may be any cells that allow replication of the
HCV subgenomic replicon RNA such as the HCV-sensitive
cells. Huh7 cells and derivative strains thereof are particu-
larly preferred.

HCV subgenomic replicon RNA can be introduced into
cells in accordance with any known techniques. Examples of
such techniques include calcium phosphate coprecipitation,
a DEAE-dextran method, lipofection, microinjection, and
electroporation. Lipofection and electroporation are pre-
ferred, and electroporation is more preferred.

The replication ability of the introduced HCV subge-
nomic replicon RNA can be evaluated by measuring func-
tions of a foreign gene ligated to HCV subgenomic replicon
RNA; that is, the functions developed along with expression
of such gene. When a foreign gene is a drug resistance gene,
the number of cells or colonies of cells propagating in a
selection medium containing a drug may be counted to
evaluate the replication ability of the HCV subgenomic
replicon RNA. In such a case, a larger number of cells or
colonies of cells indicates higher replication ability. When a
foreign gene is an enzyme gene, the enzyme activity thereof
may be assayed to evaluate the replication ability of HCV
subgenomic replicon RNA. In such a case, higher enzyme
activity indicates higher replication ability. Alternatively, the
replication ability of HCV subgenomic RNA can be directly
evaluated by quantifying the amount of RNA replicated by
quantitative PCR.

The HCV full-genomic replicon RNA encompasses HCV
full-length genomic RNA, and it can be prepared in the same
manner as in the case of the HCV subgenomic replicon RNA
described above. The HCV full-genomic replicon RNA may
be prepared by introducing an adaptive mutation that
enhances the replication ability of the HCV subgenomic
replicon RNA into HCV full-length genomic RNA of, for
example, the wild-type S310A strain of genotype 3a, as in
the case of the HCV subgenomic replicon RNA described
above. The HCV genome comprising the adaptive mutation
introduced into the HCV full-length genomic RNA of the
wild-type S310A strain is referred to as an S310A mutant or
a mutated S310A strain.

A mutation may be introduced into the HCV full-length
genome of the wild-type S310A strain by the above-men-
tioned method, or it may be introduced by ligating a struc-
tural gene portion of the wild-type HCV genome to a
subgenomic replicon mutant.

The HCV full-genomic replicon RNA may be a full-
length genomic RNA of the S310A strain (SEQ ID NO: 1),
or a replicon RNA comprising the 5' untranslated region (5'
UTR) (SEQ ID NO: 2), the Core protein coding sequence
(SEQ ID NO: 3), the E1 protein coding sequence (SEQ ID
NO: 4), the E2 protein coding sequence (SEQ ID NO: 5), the
p7 protein coding sequence (SEQ ID NO: 6), the NS2
protein coding sequence (SEQ ID NO: 7), the NS3 protein
coding sequence (SEQ ID NO: 8), the NS4 A protein coding
sequence (SEQ ID NO: 9), the NS4B protein coding
sequence (SEQ ID NO: 10), the NS5A protein coding
sequence (SEQ ID NO: 11), the NS5B protein coding
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sequence (SEQ ID NO: 12), and the 3' untranslated region
(3' UTR) (SEQ ID NO: 13) in this order from the 5' to 3'
direction.

The HCV full-genomic replicon RNA may be a nucleic
acid comprising the adaptive mutation introduced into full-
length genomic RNA of the 5310 strain. Preferably, such
HCV full-genomic replicon RNA comprises the mutation
T12861, T2188A, R2198H, S2210I, T24961, R2895G, or
R2895K in full-length genomic RNA of the S310A strain
(SEQ ID NO: 1), that is, in a nucleotide sequence compris-
ing the 5' untranslated region (5' UTR) (SEQ ID NO: 2), the
Core protein coding sequence (SEQ ID NO: 3), the El
protein coding sequence (SEQ ID NO: 4), the E2 protein
coding sequence (SEQ ID NO: 5), the p7 protein coding
sequence (SEQ ID NO: 6), the NS2 protein coding sequence
(SEQ ID NO: 7), the NS3 protein coding sequence (SEQ ID
NO: 8), the NS4A protein coding sequence (SEQ ID NO: 9),
the NS4B protein coding sequence (SEQ ID NO: 10), the
NSS5A protein coding sequence (SEQ ID NO: 11), the NS5B
protein coding sequence (SEQ ID NO: 12), and the 3'
untranslated region (3' UTR) (SEQ ID NO: 13), in this order
from the 5' to 3' direction. Preferably, the nucleic acid
comprises the mutation R2198H, S2210L, or R2895K in
full-length genomic RNA of the S310A strain (SEQ ID NO:
1), that is, a nucleotide sequence comprising the 5' untrans-
lated region (5' UTR), the Core protein coding sequence, the
E1 protein coding sequence, the E2 protein coding sequence,
the p7 protein coding sequence, the NS2 protein coding
sequence, the NS3 protein coding sequence, the NS4A
protein coding sequence, the NS4B protein coding sequence,
the NS5 A protein coding sequence, the NS5B protein coding
sequence, and the 3' untranslated region (3' UTR) in this
order from the 5' to 3' direction.

The HCV full-genomic replicon RNA may further contain
a drug resistance gene and/or a reporter gene and an IRES
sequence. In such a case, it is preferred that the drug
resistance gene and/or the reporter gene be inserted into
downstream of the 5' untranslated region (5' UTR) and the
IRES sequence be inserted into further downstream thereof.

More preferably, the HCV full-genomic replicon RNA
mentioned above comprises a nucleotide sequence shown in
SEQ ID NO: 49 (a full-genomic nucleotide sequence con-
taining the mutation S2210I), SEQ ID NO: 50 (a full-
genomic nucleotide sequence containing the mutation
R2198H), or SEQ ID NO: 51 (a full-genomic nucleotide
sequence containing the mutation R2895K). Specifically,
such RNA is a nucleic acid consisting of the nucleotide
sequence shown in SEQ ID NO: 49 having a mutation
causing substitution of serine at position 2210 with isoleu-
cine, a nucleic acid consisting of the nucleotide sequence
shown in SEQ ID NO: 50 having a mutation causing
substitution of arginine at position 2198 with histidine, or a
nucleic acid consisting of the nucleotide sequence shown in
SEQ ID NO: 51 having a mutation causing substitution of
arginine at position 2895 with lysine.

The nucleic acid constituting the HCV full-genomic rep-
licon RNA may be a nucleic acid that further comprises
another nucleotide mutation of a nucleotide other than the
nucleotide corresponding to the above-mentioned mutation,
but has the replication ability equivalent to that of the
nucleic acid containing the mutation mentioned above. Such
other mutation may be deletion, substitution, or addition of
one or more nucleotides, and preferably the nucleic acid
having such other mutation comprises a nucleotide sequence
having 90% or more, preferably 95% or more, and further
preferably 97% or more identity with the nucleotide
sequence of the original nucleic acid. In addition, such other
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mutation may be deletion, substitution, or addition of one or
a plurality of nucleotides in the 5' untranslated region or the
3" untranslated region of the HCV genome. Preferably, the
nucleic acid having such other mutation comprises a nucleo-
tide sequence having 90% or more, preferably 95% or more,
and further preferably 97% or more identity with the nucleo-
tide sequence of the original nucleic acid. Further, such other
mutation may be deletion, substitution, or addition of one or
a plurality of nucleotides in the nucleotide sequence encod-
ing the HCV protein of the HCV genome (i.e., a viral protein
coding region). Preferably, the nucleic acid having such
other mutation comprises a nucleotide sequence having 90%
or more, preferably 95% or more, and further preferably
97% or more identity with the nucleotide sequence of the
original nucleic acid. When a mutation is deletion or addi-
tion, preferably, a reading frame to be translated into the
amino acid sequence of the HCV protein is not shifted.

The expression vector used in production of the HCV
full-genomic replicon RNA can be produced by the tech-
nique described in International Publication No. WO
05/080575. Specifically, a DNA clone is produced by recon-
structing cDNA corresponding to HCV full-length genomic
RNA and inserting the same into downstream of a promoter
by a conventional technique. The promoter is preferably
contained in a plasmid clone. Examples of promoters that
can be used include T7 promoters, SP6 promoters, T3
promoters, and T5 promoters, with T7 promoters being
preferred. Examples of vectors that can be used include
pUC19 (Takara Bio Inc.), pBR322 (Takara Bio Inc.),
pGEM-T, pGEM-T Easy, and pGEM-3Z (Promega Corp.),
pSP72 (Promega Corp.), pCR11 (Invitrogen Corp.), and
pT7Blue (Novagen, Inc.).

The HCV full-genomic replicon RNA can be synthesized
from an expression vector with a polymerase using the
produced DNA clone as a template. When producing RNA
in vitro with the use of a nucleic acid comprising cloned
HCV cDNA under the control of a T7 promoter as a
template, RNA can be synthesized using, for example, the
MEGAscript T7 kit (Ambion, Inc.). RNA synthesis can be
initiated at 5' UTR by a conventional technique. When the
DNA clone is a plasmid clone, RNA can also be synthesized
using a DNA fragment cleaved from the plasmid clone with
a restriction enzyme as a template. It is preferred that the 3'
terminus of the synthesized RNA coincide with the terminus
of'the 3' UTR of the HCV genomic RNA and that any other
sequence be not added or deleted.

The HCV full-genomic replicon RNA or the nucleic acid
thereof autonomously replicates upon introduction thereof
into cultured cells (typically HCV-sensitive cells), and HCV
particles (hepatitis C virus) are produced. When the cultured
cells (typically HCV-sensitive cells) are infected with the
HCV particles containing the HCV full-genomic replicon
RNA or the nucleic acid encoding it as the viral genome,
HCV nparticles are produced. That is, cultured cells trans-
fected with the HCV full-genomic replicon RNA or the
nucleic acid encoding it or cultured cells infected with the
HCV particles containing the HCV full-genomic replicon
RNA or the nucleic acid encoding it as the viral genome can
be applied to mass production of HCV particles.

More specifically, the HCV particles produced from the
cultured cells (typically HCV-sensitive cells) transfected
with the HCV full-genomic replicon RNA or the nucleic acid
thereof or the HCV particles produced from the cultured
cells (typically HCV-sensitive cells) infected with the HCV
particles containing the HCV full-genomic replicon RNA or
the nucleic acid thereof as the virus genome further infect
different cultured cells (typically HCV-sensitive cells), and
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HCV genomic RNA is replicated therein and packaged. This
enables repeated production of HCV particles. Cultured
cells can be infected with HCV particles by, for example,
adding a culture supernatant of the cells transfected with
HCV full-genomic replicon RNA or the nucleic acid encod-
ing it to HCV=sensitive cells (e.g., Huh7 cells).

The cells to be transfected with the HCV full-genomic
replicon RNA or the nucleic acid thereof or the cells to be
infected with the hepatitis C virus (HCV) particles are
preferably cultured cells, which allow replication of the
HCV replicon RNA or formation of HCV particles.
Examples of such cells include the HCV-sensitive cells
described above, and the use of Huh7 cells and derivative
strains thereof is particularly preferred.

HCV full-genomic replicon RNA can be introduced into
cells by any known methods. Examples thereof include
calcium phosphate coprecipitation, a DEAE-dextran
method, lipofection, microinjection, and electroporation,
with lipofection and electroporation being preferred, and
electroporation being more preferred.

The replication ability of the introduced HCV full-ge-
nomic replicon RNA can be evaluated by measuring func-
tions of a foreign gene ligated to HCV full-genomic replicon
RNA; that is, the functions developed along with expression
of'such gene. When a foreign gene is a drug resistance gene,
the number of cells or colonies of cells propagating in a
selection medium containing a drug may be counted to
evaluate the replication ability of the HCV full-genomic
replicon RNA. In such a case, a larger number of cells or
colonies of cells indicates higher replication ability. When a
foreign gene is an enzyme gene, the enzyme activity thereof
may be assayed to evaluate the replication ability of HCV
full-genomic replicon RNA. In such a case, higher enzyme
activity indicates higher replication ability. Alternatively, the
replication ability of HCV full-genomic RNA can be directly
evaluated by quantifying the amount of RNA replicated by
quantitative PCR.

This disclosure encompasses the virus genome compris-
ing the nucleic acid as described above and hepatitis C virus
(hepatitis C virus) particles containing the nucleic acid
described above as the virus genome.

The HCV full-genomic replicon RNA or the nucleic acid
thereof has HCV particle-production ability in cultured
cells. Whether or not HCV full-genomic replicon RNA or
the nucleic acid thereof has HCV particle-production ability
can be evaluated by introducing the RNA into cells and
assaying the presence of HCV particles in the culture
supernatant of the cells.

The HCV particle-production ability of cells can be
detected by using an antibody against a protein constituting
the HCV particles released into the culture supernatant, e.g.,
the Core protein, the E1 protein, or the E2 protein. The
presence of HCV particles can also be indirectly detected by
amplifying the HCV full-genomic replicon RNA contained
in HCV particles in the culture supernatant through RT-PCR
using a specific primer.

Whether or not the produced HCV particles have infec-
tious ability can be evaluated by treating HCV-sensitive cells
(e.g., Huh7 cells) with the culture supernatant of cells
transfected with HCV full-genomic replicon RNA or the
nucleic acid thereof, immunostaining the cells with an
anti-Core antibody, for example, 48 hours later, and count-
ing the number of infected cells. Alternatively, an extract of
cells may be subjected to SDS-polyacrylamide gel electro-
phoresis, and the Core protein may be detected via Western
blotting.
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We also provide a chimeric nucleic acid derived from the
genomes of two or more hepatitis C virus strains, including
an HCV strain of genotype 3a (e.g., the S310A strain).
Specifically, we provide, for example, a chimeric form of
HCV genome (chimeric HCV genome), chimeric form of
HCV subgenomic replicon RNA (chimeric HCV subge-
nomic replicon RNA), chimeric form of HCV full-genomic
replicon RNA (chimeric HCV full-genomic replicon RNA),
and chimeric form of HCV particles (chimeric HCV par-
ticles), comprising the genomic sequence derived from the
S310A strain of genotype 3a and an HCV genome other than
the HCV genome of the S310A strain (SEQ ID NO: 1) such
as a genomic sequence of an existing HCV strain of a
various genotype (e.g., la, 1b, 2a, 2b, 3a, or 3b) or of an
HCYV of a genotype other than 3a. The terms “chimeric HCV
genome” and “chimeric HCV full-genomic replicon RNA”
refer to the HCV genome and the HCV full-genomic repli-
con RNA comprising HCV genomic sequences of two or
more different strains, respectively, and HCV particles pro-
duced from the chimeric HCV genome or chimeric HCV
full-genomic replicon RNA are referred to as “chimeric
HCV particles.” Such chimeric HCV genome is within the
scope of our nucleic acid.
The chimeric HCV genome may comprise non-structural
genes of the S310A strain or an S310A mutant (adaptive
mutation-introduced S310A strain) and structural genes of a
different HCV strain (i.e., a strain other than the S310A
strain or S310A mutant). The chimeric HCV genome may
comprise a mutation such as an adaptive mutation or it may
be prepared with the use of an S310A mutant. Specifically,
an S310A mutant used for production of such chimeric HCV
genome comprises the mutation T12861, T2188A, R2198H,
S22101, T24961, R2895G, or R2895K introduced, prefer-
ably the mutation R2198H, S2210I, or R2895K, into the
S310A strain. More specifically, an S310A mutant may be a
nucleic acid comprising the nucleotide sequence shown in
SEQ ID NO: 49 (a full-genomic nucleotide sequence com-
prising the mutation S2210I), SEQ ID NO: 50 (a full-
genomic nucleotide sequence comprising the mutation
R2198H), or SEQ ID NO: 51 (a full-genomic nucleotide
sequence comprising the mutation R2895K).
For example, the chimeric HCV genome may comprise,
in addition to the nucleotide sequence encoding the Core
protein, the nucleotide sequence encoding the E1 protein,
the nucleotide sequence encoding the E2 protein, and the
nucleotide sequence encoding the p7 protein of an HCV
strain; the nucleotide sequence encoding the NS3 protein
consisting of nucleotides 3437 to 5329, the nucleotide
sequence encoding the NS4 A protein consisting of nucleo-
tides 5330 to 5491, the nucleotide sequence encoding the
NS4B protein consisting of nucleotides 5492 to 6274, the
nucleotide sequence encoding the NS5A protein consisting
of nucleotides 6275 to 7630, and the nucleotide sequence
encoding the NS5B protein consisting of nucleotides 7631 to
9406 of SEQ ID NO: 1 shown in the Sequence Listing in this
order from the 5' to 3' direction.
The chimeric HCV genome may be a nucleic acid com-
prising:
the nucleotide sequence encoding the Core protein, the
nucleotide sequence encoding the El protein, the
nucleotide sequence encoding the E2 protein, and the
nucleotide sequence encoding the p7 protein of the
genome of the HCV strain other than the S310A strain
(e.g., the genome of an existing HCV strain or that of
HCV of a genotype other than 3a);

the nucleotide sequence encoding the NS2 protein con-
sisting of nucleotides 2786 to 3436 of SEQ ID NO: 1
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shown in the Sequence Listing, the nucleotide sequence
encoding the NS2 protein of a genome of an HCV
strain other than the S310A strain (e.g., the genome of
an existing HCV strain or that of HCV of a genotype
other than 3a), or a nucleotide sequence encoding the
chimeric NS2 protein comprising a part of the nucleo-
tide sequence encoding the NS2 protein consisting of
nucleotides 2786 to 3436 of SEQ ID NO: 1 shown in
the Sequence Listing ligated to a part of the nucleotide
sequence encoding the NS2 protein of a genome of an
HCV strain other than the S310A strain (e.g., the
genome of an existing HCV strain or that of HCV of a
genotype other than 3a); and
the nucleotide sequence encoding the NS3 protein con-
sisting of nucleotides 3437 to 5329, the nucleotide
sequence encoding the NS4A protein consisting of
nucleotides 5330 to 5491, the nucleotide sequence
encoding the NS4B protein consisting of nucleotides
5492 to 6274, the nucleotide sequence encoding the
NSS5A protein consisting of nucleotides 6275 to 7630,
and the nucleotide sequence encoding the NS5B pro-
tein consisting of nucleotides 7631 to 9406 of SEQ ID
NO: 1 shown in the Sequence Listing,

wherein the nucleic acid comprises the nucleotide
sequences encoding the Core protein, the E1 protein,
the E2 protein, the p7 protein, the NS2 protein, the NS3
protein, the NS4A protein, the NS4B protein, the NS5A
protein and the NS5B protein in this order from the 5'
to 3' direction.

The chimeric HCV genome may comprise, at its 5'
terminus, a 5' untranslated region of the HCV genome of
genotype 3a, for example, a 5' untranslated region compris-
ing the nucleotide sequence of nucleotides 1 to 340 of SEQ
ID NO: 1. Alternatively, the chimeric HCV genome may
comprise, at its 5' terminus, a 5' untranslated region of a
HCV genome other than the HCV genome of the S310A
strain (SEQ ID NO: 1) such as the genome of an existing
HCV strain of a various genotype or an HCV genome of a
genotype other than 3a.

An example of such chimeric HCV genome is shown in
FIG. 16. For example, a chimeric HCV genome comprises
a 5" untranslated region, structural genes (Core to p7) and an
N-terminal fragment of the NS2 gene (e.g., a sequence
encoding an amino acid sequence of amino acids 1 to 16
from the N-terminus of the NS2 protein) of the J6CF strain,
the JFH-1 strain, or the TH strain; a C-terminal sequence
following the fragment of the NS2 gene (e.g., a sequence
encoding an amino acid sequence of amino acids 17 to 217
from the N-terminus of the NS2 protein), non-structural
genes other than the NS2 gene (NS3 to NS5B), and a 3'
untranslated region of the S310A strain. These chimeric
HCV genomes may comprise the mutation T12861, T2188A,
R2198H, S22101, T24961, R2895G, or R2895K.

We also provide chimeric full-genomic replicon RNA
comprising such chimeric HCV genome.

The chimeric HCV genome can be produced by, for
example, recombining structural genes in the genome of a
mutated S310A strain, i.e., the nucleotide sequences encod-
ing the Core protein, the E1 protein, the E2 protein and the
p7 protein, with the structural genes of another HCV strain.
Basic techniques therefor are described in, for example,
Wakita et al., Nature Medicine, 2005, vol. 11, pp. 791-796,
Lindenbach et al., Science, 2005, vol. 309, pp. 623-626, and
Pietschmann et al., Proc. Natl. Acad. Sci. U.S.A., 2007, vol.
103, pp. 7408-7413.

According to the phylogenetic analysis using nucleotide
sequences of HCV strains, HCV is classified into six types
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of genotypes 1 to 6, each of which is further classified into
several subtypes. Specific examples of known HCV strains
are as follows: the H77 strain (GenBank Accession No.
AF011751) for an HCV strain of genotype 1a; the J1 strain
(GenBank Accession No. D89815), the Conl strain (Gen-
Bank Accession No. AJ238799, also referred to as Con-1
strain or conl strain), the TH strain (Wakita et al., J. Biol.
Chem., 1994, vol. 269, pp. 14205-14210; JP Patent Publi-
cation (Kokai) No. 2004-179 A), the HCV-N strain (Gen-
Bank Accession No. AF139594), and the HCV-O strain
(GenBank Accession No. AB191333) for an HCV strain of
genotype 1b; the JFH-1 strain (GenBank Accession No.
AB047639, also referred to as the JFH1 strain), the J6CF
strain (GenBank Accession No. AF177036), the JCH-1
strain (GenBank Accession No. AB047640), the JCH-2
(GenBank Accession No. AB047641), the JCH-3 strain
(GenBank Accession No. AB047642), the JCH-4 (GenBank
Accession No. AB047643), and the JCH-5 strain (GenBank
Accession No. AB047644), and the JCH-6 strain (GenBank
Accession No. AB047645) for an HCV strain of genotype
2a; the HC-J8 strain (GenBank Accession No. D01221) for
an HCV strain of genotype 2b; the NZL1 strain (GenBank
Accession No. D17763), the K3a/650 strain (GenBank
Accession No. D28917), and the S52 strain (GenBank
Accession No. GU814263) for HCV strains of genotype 3a;
the Tr-Kj strain (GenBank Accession No. D49374) for an
HCV strain of genotype 3b; and the ED43 strain (GenBank
Accession No. Y11604) for an HCV strain of genotype 4a.
A list of GenBank Accession numbers of other strains has
also been reported (Tokita et al., Journal of General Virol-
ogy, 1998, vol. 79, pp. 1847-1857; Cristina, J. & Colina, R.,
Virology Journal, 2006, vol. 3, pp. 1-8).

The above-mentioned chimeric HCV genome may be a
nucleic acid comprising an HCV-derived chimeric gene
comprising the nucleotide sequence encoding the Core pro-
tein, the nucleotide sequence encoding the E1 protein, the
nucleotide sequence encoding the E2 protein, and the
nucleotide sequence encoding the p7 protein derived from
an HCV strain other than an S310A mutant, the nucleotide
sequence encoding the NS2 protein derived from an S310A
mutant or an HCV strain other than the S310A mutant, and
the nucleotide sequence encoding the NS3 protein, the
nucleotide sequence encoding the NS4A protein, the nucleo-
tide sequence encoding the NS4B protein, the nucleotide
sequence encoding the NS5A protein, and the nucleotide
sequence encoding the NS5B protein derived from the
S310A mutant, in this order from the 5' to 3' direction. The
NS2 protein may be a chimeric form NS2 protein (chimeric
NS2 protein) of the NS2 protein of the S310A mutant and
the NS2 protein derived from an HCV strain other than the
S310A strain and a mutant thereof. Preferably, an HCV
strain other than the HCV S310A strain and a mutant thereof
is the existing HCV strain described above.

The term “chimeric NS2 protein” used herein refers to a
NS2 protein comprising a part of the amino acid sequence of
the NS2 protein of an S310A mutant ligated to a part of the
amino acid sequence of the NS2 protein derived from an
HCYV strain other than the S310A strain and a mutant thereof,
and, as a whole, consisting of the full-length amino acid
sequence of NS2 protein. In the nucleic acid of the chimeric
HCV genome, the NS2 protein may be derived from an
S310A mutant, or a chimeric NS2 protein consisting of a
part of the NS2 protein derived from an HCV strain other
than the S310A mutant and the remaining portion of the NS2
protein derived from the S310A mutant. In that case, the
chimeric NS2 protein has functions equivalent to those of a
non-chimeric NS2 protein. For example, when the part of
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the NS2 protein derived from the HCV strain other than the
S310A mutant consists of a nucleotide sequence encoding
the N-terminal amino acid to the amino acid at position 16
of the NS2 protein, a remaining portion of the NS2 protein
derived from the S310A strain or the mutant thereof consists
of a nucleotide sequence encoding from the amino acid at
position 17 counted from the N terminus to the C terminus.

It is preferred that the nucleic acid of the chimeric HCV
genome further comprise 5' UTR on the 5' side of the
nucleotide sequence encoding the Core protein and 3' UTR
on the 3' side of the region encoding the NS5B protein. 5'
UTR and/or 3' UTR may be sequence(s) derived from any
HCV strain, and preferably, 5' UTR derived from an HCV
strain other than the S310A mutant and 3' UTR derived from
an S310A mutant.

In the chimeric HCV genome, an HCV strain other than
the S310A mutant, i.e., a known HCV strain, is preferably a
strain belonging to genotype la, 1b, or 2a. An example of the
strain of genotype la is the H77 strain. Examples of the
strain belonging to genotype 1b include the TH strain, the
Conl strain, the J1 strain, and derivative strains thereof.
Examples of the strain belonging to genotype 2a include the
JFH-1 strain and the J6CF strain. Preferred strains are the
JFH-1 strain, the J6CF strain, and the TH strain. Particularly
preferred is the JFH-1 strain. The genomic nucleotide
sequence information of HCV strains other than the S310A
strain or a mutant thereof is available from the documents
mentioned above or from the GenBank.

The nucleic acid of the chimeric HCV genome is, for
example, a chimeric nucleic acid derived from the J6CF
strain and the S310A strain, which comprises at least one
mutation selected from the group consisting of T1286I,
S22101, R2198H, and R2895K. The nucleic acid of the
chimeric HCV genome is, for example, a chimeric nucleic
acid derived from the JFH-1 strain and the S310A strain,
which comprises at least one mutation selected from the
group consisting of T12861, S22101, R2198H, and R2895K.
The nucleic acid of the chimeric HCV genome is, for
example, a chimeric nucleic acid derived from the TH strain
and the S310A strain, which comprises at least one mutation
selected from the group consisting of T1286I, S22101,
R2198H, and R2895K.

FIG. 16 shows the structures of the HCV genomes of the
S310A mutant (the S310A strain into which the adaptive
mutation of R2198H, S2210I, or R2895K has been intro-
duced), the J6CF strain, the JFH-1 strain, and the TH strain;
and the structures of the chimeric HCV genomes comprising
the non-structural genes of the S310A mutant (the S310A
strain into which the adaptive mutation of R2198H, S22101,
or R2895K has been introduced), and the structural genes of
the J6CF strain, the JFH-1 strain, or the TH strain, which are
J6CF/S310A, JFH-1/S310A, and TH/S310A respectively, as
the examples of chimeric nucleic acids. In the chimeric
nucleic acids shown in FIG. 16 (i.e., J6CF/S310A, JFH-1/
S310A, and TH/S310A), the 5' untranslated region is
derived from the same HCV strain (i.e., the J6CF strain, the
JFH-1 strain, or the TH strain) as the strain of the structural
region, the 3' untranslated region is derived from the same
S310A strain as the strain of the non-structural region, and
the NS2 coding sequence is a chimeric sequence of an NS2
sequence derived from the same HCV strain (i.e., the J6CF
strain, the JFH-1 strain, or the TH strain) as the strain of the
structural region and an NS2 sequence derived from the
S310A strain. Such chimeric nucleic acids comprise the
adaptive mutation R2198H, S22101, or R2895K.

We provide an HCV viral genome containing the above-
mentioned nucleic acid of the chimeric HCV genome, a
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hepatitis C virus containing the above-mentioned nucleic
acid of the chimeric HCV genome as the viral genome, an
HCV full-genomic replicon RNA, an expression vector, or
chimeric HCV particles. The characteristics of the chimeric
HCYV particles are that the chimeric HCV particles can be
produced in a cell culture system with high efficiency and
that they have high infectivity.

The chimeric HCV gene can be produced by performing
PCR to amplify the target regions of HCV genes using
vectors comprising cloned cDNAs of the respective HCV
genomic RNAs as templates and synthetic DNAs as primers
and ligating the amplified regions to each other.

Furthermore, an expression vector for synthesizing an
HCV genomic RNA can be produced by ligating cDNA of
the chimeric HCV gene to an appropriate restriction enzyme
site located downstream of a promoter such as a T7 pro-
moter. Upon introduction of RNA transcribed from this
expression vector into HCV-sensitive cells (e.g., Huh7
cells), virus replication and packaging take place, and infec-
tious HCV particles can then be produced.

The replication ability in cells and the HCV particle-
production ability of the HCV full-genomic replicon RNA
containing the chimeric HCV gene and the infectivity of the
produced HCV particles can be verified by the methods
described above.

We also provide a method of screening for an anti-
hepatitis C virus substance using the HCV subgenomic
replicon RNA, HCV full-genomic replicon RNA, or hepa-
titis C virus particles.

The cultured cells transfected with the HCV subgenomic
replicon RNA can be used in screening for a compound that
inhibits replication of the HCV subgenomic replicon RNA.
That is, it is possible to screen for an anti-HCV agent by
culturing the cultured cells transfected with the HCV sub-
genomic replicon RNA in the presence of a test substance
and detecting replicon RNA in the resulting culture. The
“culture” contains a culture supernatant and a cell lysate.
When the replicon RNA is not present in the culture or the
amount thereof is less than that in the absence of the test
substance, the test substance can be determined to be
capable of inhibiting the replication of the HCV subgenomic
replicon RNA.

For example, HCV subgenomic replicon RNA comprising
the 5' untranslated region (5' UTR) (SEQ ID NO: 2), 57
nucleotides of the Core protein coding sequence (SEQ ID
NO: 3), a luciferase gene, an EMCV IRES sequence, the
NS3 protein coding sequence (SEQ ID NO: 8), the NS4A
protein coding sequence (SEQ ID NO: 9), the NS4B protein
coding sequence (SEQ ID NO: 10), the NS5A protein coding
sequence (SEQ ID NO: 11), the NS5B protein coding
sequence (SEQ ID NO: 12), and the 3' untranslated region
(3' UTR) (SEQ ID NO: 13) of the S310A strain or a mutant
thereof ligated in this order from the 5' to 3' direction is
introduced into Huh7 cells, and then a test substance is
added thereto, and luciferase activity is assayed 48 to 72
hours thereafter. A test substance that can inhibit the
luciferase activity more effectively relative to the case of no
addition of the test substance can be determined to have an
effect to inhibit replication of the HCV subgenomic replicon
RNA.

HCV particles (including chimeric HCV particles)
obtained by, for example, introducing the HCV full-genomic
replicon RNA or the nucleic acid encoding it into cultured
cells (typically HCV-sensitive cells) can be used in screen-
ing for a neutralizing antibody or a compound that inhibits
HCYV infection and screening for a compound that inhibits
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HCV replication. In addition, such HCV particles can be
preferably used as vaccines or antigens for anti-HCV anti-
body production.

The HCV particles can be used in screening for an agent
that inhibits HCV infection or replication by, in the presence
or the absence of a test substance, culturing the cells
producing the HCV particles or culturing the HCV particles
with HCV-sensitive cells, i.e., culturing a mixture of the
HCV particles and HCV-sensitive cells, or culturing the cells
infected with the HCV particles, and detecting the HCV
replicon RNA or HCV particles in the resulting culture. The
term “detection” used herein refers to quantification of the
amount of the HCV replicon RNA or the HCV particles in
the culture. When the HCV replicon RNA or the HCV
particles are not present in the culture or the amount thereof
is less than that in the absence of the test substance, the test
substance can be evaluated as being capable of inhibiting
HCYV infection or replication.

Specifically, it is possible to screen for an anti-HCV agent
by culturing HCV-sensitive cells together with the HCV
particles in the presence or the absence of a test substance,
detecting HCV replicon RNA or HCV particles in the
resulting culture, and determining whether or not the test
substance inhibits the replication of the HCV replicon RNA
or the formation of the HCV particles, for example.

The HCV replicon RNA in the culture can be detected by,
for example, measuring the function of a foreign gene
ligated to the HCV replicon RNA, i.e., the function devel-
oped upon expression of the gene of interest. When the
foreign gene is an enzyme gene, for example, the HCV
replicon RNA can be detected by measuring the enzyme
activity. Alternatively, HCV replicon RNA can be detected
by quantifying the amount of RNA replicated by quantitative
RT-PCR.

The HCV particles present in the culture can be detected
by using an antibody against a protein (e.g., the Core protein,
the El protein, or the E2 protein) constituting the HCV
particles released in the culture supernatant, the presence of
the non-structural protein in the infected cells can be
detected by immunostaining with an antibody against the
non-structural protein, or the HCV genomic RNA contained
in the HCV particles in the culture supernatant can be
amplified by RT-PCR wusing specific primers. Thus, the
presence of HCV particles can be indirectly detected.

A specific example of HCV full-genomic replicon RNA
containing a foreign gene used in the screening is an HCV
full-genomic replicon RNA comprising the 5' UTR, 57
nucleotides of the Core protein coding sequence, a luciferase
gene, an EMCV IRES sequence, the Core protein coding
sequence, the E1 protein coding sequence, the E2 protein
coding sequence, the p7 protein coding sequence, the NS2
protein coding sequence, the NS3 protein coding sequence,
the NS4 A protein coding sequence, the NS4B protein coding
sequence, the NS5A protein coding sequence, the NS5B
protein coding sequence, and a 3' UTR of the HCV S310A
mutant ligated in this order from the 5' to 3' direction. When
nucleotide sequences are to be ligated to each other, an
additional sequence such as a restriction enzyme site, may
be inserted into the site of ligation. The HCV full-genomic
replicon RNA is introduced into Huh7 cells, HCV particles
are produced, HCV-sensitive cells are infected with the
HCV particles, a test substance is added simultaneously, and
luciferase simultaneously is assayed 48 to 72 hours there-
after. An agent that inhibits the luciferase activity relative to
the case of no-addition of the test substance can be deter-
mined to have activity of inhibiting HCV infection. In the
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method described above, an anti-HCV agent is selected as an
agent that can inhibit virus infection or replication.

In the method described above, also, a viral genome
containing the HCV full-genomic replicon RNA or the
nucleic acid encoding it, and a hepatitis C virus containing
the HCV full-genomic replicon RNA or the nucleic acid
encoding it as a viral genome can also be used.

Further, we provide a hepatitis C virus (HCV) vaccine
comprising the hepatitis C virus (HCV) particles.

In the vaccine use, specifically, the HCV particles or a part
thereof may be used as a vaccine without any treatment;
however, it is preferred that the HCV particles or a part
thereof be attenuated or inactivated by a known method. The
virus can be inactivated by adding an inactivating agent such
as formalin, P-propiolactone, or glutardialdehyde to, for
example, a virus suspension and mixing them, to allow the
agent to react with the virus (Appaiahgari, M. B. & Vrati, S.,
Vaccine, 2004, vol. 22, pp. 3669-3675).

The HCV vaccine can be prepared as an administrable
solution or suspension, or it can be prepared in the form of
a solid (e.g., a lyophilized preparation) suitable for dissolu-
tion or suspension in a liquid to be reconstituted immedi-
ately before use. Such solid or preparation may be emulsi-
fied or encapsulated in liposomes.

The active immunogenic ingredient such as HCV par-
ticles can be often mixed with a pharmaceutically acceptable
excipient that is compatible with the active ingredient.
Examples of suitable excipient include water, saline, dex-
trose, glycerol, ethanol, and mixtures thereof.

Furthermore, the HCV vaccine can, if desired, contain a
small amount of an auxiliary agent (e.g., a humidifier or
emulsifier), a pH adjuster, and/or an adjuvant for enhancing
vaccine efficacy.

The adjuvant is a non-specific stimulant to the immune
system. These substances enhance the immune response of
a host against the HCV wvaccine. Accordingly, the HCV
vaccine contains an adjuvant. Adjuvant efficacy can be
determined by measuring the amount of antibodies resulting
from administration of a vaccine made of HCV particles.

Examples of the effective adjuvant include, but are not
limited to, the followings: aluminum hydroxide, N-acetyl-
muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-
nor-muramyl-L-alanyl-D-isoglutamine (referred to as
CGP11637 or nor-MDP), N-acetylmuramyl-L-alanyl-D-iso-
glutaminyl-I-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hy-
droxyphosphoryloxy)-ethylamine (referred  to as
CGP19835A or MTP-PE), and RIBI. RIBI contains three
components extracted from bacteria, i.e., monophosphoryl
lipid A, trehalose dimycolate, and the cell wall skeleton
(HPL+TDM+CWS), in 2% squalene/Tween® 80 emulsion.

One or more compounds having adjuvant activity can be
added to the HCV vaccine, according to need. Specific
examples of known adjuvants include Freund’s complete
adjuvants, Freund’s incomplete adjuvants, vitamin E, non-
ionic block polymers, muramyl! dipeptide, saponin, mineral
oil, vegetable oil, and Carbopol. Examples of adjuvants that
are particularly suitable for mucosal application include
Escherichia coli (E. coli) thermolabile toxin (LT) and Chol-
era toxin (CT). Examples of other suitable adjuvants include
aluminum hydroxide, aluminum phosphate, aluminum
oxide, oil emulsion (e.g., Bayol® or Marcol 52®), saponin,
and vitamin E solubilizates.

The HCV vaccine is generally administered parenterally
by injection such as subcutaneous injection or intramuscular
injection. Examples of other formulations suitable for other
dosage forms include suppositories and, optionally, oral
preparations.
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In injections for subcutaneous, intracutaneous, intramus-
cular, or intravenous administration, specific examples of
the pharmaceutically acceptable carrier or diluent for the
HCV vaccine include stabilizers, carbohydrates (e.g., sorbi-
tol, mannitol, starch, sucrose, glucose, and dextran), proteins
such as albumin and casein, protein-containing substances
such as bovine serum and skimmed milk, and buffers (e.g.,
phosphate buffer).

Examples of conventional binders and carriers used for
suppositories include polyalkylene glycol and triglyceride.
Such suppositories can be made of a mixture containing an
active ingredient in a range of 0.5% to 50%, and preferably
in a range of 1% to 20%. The oral preparations contain
common excipients. Examples of excipients include phar-
maceutical-grade mannitol, lactose, starch, magnesium
stearate, saccharine sodium, cellulose, and magnesium car-
bonate.

The HCV vaccine is in the form of a solution, suspension,
tablet, pill, capsule, sustained-release formulation, or pow-
der, and it contains an active ingredient (HCV particles or a
part thereof) in an amount of 10% to 95%, and preferably
25% to 70%. The HCV vaccine is administered by a method
suitable for the dosage form in an amount that allows
preventive and/or therapeutic effects to be exerted. The
amount of an antigen to be administered is usually in a range
01 0.01 pg to 100,000 pg per administration, and it depends
on the patient to whom the vaccine is administered, the
antibody-synthesizing ability in the immune system of the
patient, and the degree of protection intended. The amount
also depends on the administration route such as oral,
subcutaneous, intracutaneous, intramuscular, or intravenous
administration.

The HCV vaccine may be administered according to a
single-administration schedule or a multiple-administration
schedule, with the multiple-administration schedule being
preferred. In the case of the multiple-administration sched-
ule, one to ten separate administrations are performed at the
time of initiation of inoculation, and another administration
can be subsequently performed with the time interval that is
necessary for maintaining and/or enhancing the immune
response. For example, the second administration can be
performed one to four months later. Administration may be
subsequently performed several months later, if necessary.
The administration regimens are, at least partially, deter-
mined depending on the necessity of an individual, and the
regimens depend on the judgment made by a doctor. The
HCV vaccine may be administered to a healthy individual to
induce an immune response to HCV in the healthy indi-
vidual for preventing new HCV infection. Furthermore, the
vaccine may be administered to a patient infected with HCV
to induce a potent immune response to HCV in vivo, and
thus the vaccine may be used as a therapeutic vaccine which
eliminates HCV.

The HCV particles are also useful as an antigen for
producing an anti-HCV antibody. The antibody can be
produced by administering the HCV particles to a mammal
or a bird. Examples of mammals include mice, rats, rabbits,
goats, sheep, horses, cattle, guinea pigs, dromedaries, Bac-
trian camel, and lama. Dromedaries, Bactrian camel, and
lama are suitable for producing an antibody consisting of the
H chain. Examples of birds include chickens, geese, and
ostriches. Serum is collected from the animal to which the
HCYV particles have been administered, and the antibody of
interest can be obtained in accordance with a conventional
technique.
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We provide the anti-HCV antibody described above, and
such antibody is preferably used as a neutralizing antibody
capable of inactivating HCV.

Animal cells immunized with the HCV particles can be
used to produce hybridomas that produce monoclonal anti-
body-producing cells. The hybridomas can be produced by
a well-known method such as the method described in
Antibodies: A Laboratory Manual (Cold Spring Harbor
Laboratory, 1988).

The monoclonal antibody-producing cells may be pro-
duced through cell fusion or other techniques such as
introduction of oncogenic DNA or immortalization of B
lymphocytes via Epstein-Barr virus infection.

A monoclonal or polyclonal antibody obtained by the
technique as described above is useful for diagnosis, treat-
ment, and prevention of HCV.

The antibody produced by using the HCV particles as an
antigen can be administered as a drug together with, for
example, a pharmaceutically acceptable solubilizer, addi-
tive, stabilizer, or buffer. Any route of administration may be
employed, with subcutaneous, intracutaneous, or intramus-
cular administration being preferred, and intravenous
administration being more preferred.

We also provide a method of treatment or prevention of
HCV comprising administering the vaccine or antibody to a
subject who is in need of treatment.

We also provide a pharmaceutical composition compris-
ing the vaccine or antibody. Such pharmaceutical composi-
tion may comprise a pharmaceutically acceptable carrier
such as a solubilizer, additive, stabilizer, or buffer.

EXAMPLES

Our constructs and methods are described in greater detail
with reference to the following examples. It should be noted
that these examples are provided for illustrative purposes
and the technical scope of this disclosure is not limited to
these examples.

Example 1

Construction of Wild-Type S310A Strain HCV
Subgenomic Replicon RNA Expression Vector

The HCV virus strain was isolated from a 71-year-old
acute hepatitis C patient, who had been infected with HCV
of genotype 3a, and the isolated strain was designated as the
S310A strain. This patient was diagnosed as having been
infected with HCV of genotype 3a at the age of 59. Because
of cirrhosis of the liver, this patient underwent liver trans-
plantation 4 years thereafter. Specificallyy, RNA was
extracted from patient’s serum and purified with Isogen-L.S
(Nippon Gene Co., [.td.), and cDNA was synthesized using
a random hexamer primer. PCR primers were designed
based on the conserved sequences of 4 known types of HCV
genomes of genotype 3a (i.e., GenBank Accession Nos.
AF046866, D28917, X76918, and D17763). cDNA frag-
ments were amplified in nine divided fragments using PCR
primers that were designed based on the conserved
sequences of four known HCV genomes of genotype 3a
(GenBank Accession Nos. AF046866, D28917, X76918,
and D17763) and synthesized cDNA. The amplification
product of the sequence at the 5' terminus, which is difficult
to obtain, was obtained by a 5' RACE method. Each frag-
ment was cloned into a cloning vector, pGEM-T EASY
(Promega Corp.), for sequencing. The nucleotide sequences
of these clones were analyzed by a conventional method to
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determine the full-length genomic RNA sequence of the
S310A strain. A cDNA fragment corresponding to the full-
length genomic RNA was synthesized by a conventional
technique. The cDNA sequence corresponding to the full-
length genomic RNA sequence of the S310A strain is shown
in SEQ ID NO: 1.

With the use of a non-structural region of cDNA corre-
sponding to full-length genomic RNA of the S310A strain
(full-length genomic cDNA; SEQ ID NO: 1), which is the
novel HCV strain of genotype 3a isolated from the patient
with acute hepatitis C obtained as described above, the
plasmid pS310ASGR-Neo, which is an HCV subgenomic
replicon RNA expression vector, was constructed as
described below. FIG. 1 shows the structures of the full-
length genomic RNA of the S310A strain, the HCV subge-
nomic replicon RNA expression vector pS310ASGR-Neo,
and an HCV subgenomic replicon RNA expressed from such
expression vector. To differentiate from mutants comprising
amino acid mutations, the S310A strain without amino acid
mutations is referred to as the “wild-type S310A strain”
herein.

SEQ ID NO: 1 shows the full-length genomic nucleotide
sequence of the wild-type S310A strain. SEQ ID NO: 2
shows the nucleotide sequence of 5' UTR of the S310A
strain, SEQ ID NO: 3 shows the Core protein coding
sequence of the S310A strain, SEQ ID NO: 4 shows the E1
protein coding sequence of the S310A strain, SEQ ID NO:
5 shows the E2 protein coding sequence of the S310A strain,
SEQ ID NO: 6 shows the p7 protein coding sequence of the
S310A strain, SEQ ID NO: 7 shows the NS2 protein coding
sequence of the S310A strain, SEQ ID NO: 8 shows the NS3
protein coding sequence of the S310A strain, SEQ ID NO:
9 shows the NS4A protein coding sequence of the S310A
strain, SEQ ID NO: 10 shows the NS4B protein coding
sequence of the S310A strain, SEQ ID NO: 11 shows the
NSS5A protein coding sequence of the S310A strain, SEQ ID
NO: 12 shows the NS5B protein coding sequence of the
S310A strain, and SEQ ID NO: 13 shows the nucleotide
sequence of 3' UTR of the S310A strain. SEQ ID NOs: 1 to
13 show DNA sequences, but when an RNA sequence is
indicated by each SEQ ID NO:, thymine (T) in its nucleotide
sequence shown in the SEQ ID NO: shall be replaced with
uracil (U).

The amino acid sequence of the HCV precursor protein
(polyprotein) encoded by the nucleotide sequence shown in
SEQ ID NO: 1 (the full-length genomic sequence of the
wild-type S310A strain) is shown in SEQ ID NO: 14. The
amino acid sequence shown in SEQ ID NO: 14 is encoded
by from nucleotides 341 to 9406 (including a stop codon) of
the nucleotide sequence shown in SEQ ID NO: 1. The amino
acid sequence of the region from the NS3 protein to the
NSS5B protein in the precursor protein of the S310A strain is
shown in SEQ ID NO: 15. This amino acid sequence (from
the NS3 region to the NS5B region) of SEQ ID NO: 15
corresponds to a region of amino acids 1033 to 3021 of the
amino acid sequence shown in SEQ ID NO: 14.

The HCV subgenomic replicon RNA expression vector
pS310ASGR-Neo was constructed in accordance with the
procedure described in the document of Kato et al. (Gas-
troenterology, 2003, vol. 125, pp. 1808-1817) and Interna-
tional Publication No. WO 04/104198.

Specifically, cDNA of full-length genomic RNA of the
wild-type S310A strain (FIG. 1A) was first inserted into a
plasmid vector, pUC19, under the control of the T7 promoter
to produce a recombinant plasmid, pS310A. Subsequently,
the structural region (encoding the Core protein, the El
protein, the E2 protein, or the p7 protein) and a part of the
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non-structural region of the recombinant plasmid, pS310A,
were substituted with a neomycin resistance gene (neo: also
referred to as the “neomycin phosphotransferase gene”) and
EMCV IRES (the internal ribosome entry site of the
encephalomyocarditis virus) to construct the plasmid,
pS310ASGR-Neo. This was designated as the HCV subge-
nomic replicon RNA expression vector, pS310ASGR-Neo.

FIG. 1B shows the structure of the HCV subgenomic
replicon RNA expression vector, pS310ASGR-Neo. In the
expression vector, pS310ASGR-Neo, 5' UTR, the 57
nucleotides from the N terminus of the Core protein coding
sequence (HCV-IRES), the NS3 to NS5B protein coding
sequences, and 3' UTR are derived from the S310A strain. In
the figure, “T7” denotes the T7 promoter. The T7 promoter
is a sequence element necessary for transcribing the HCV
subgenomic replicon RNAs from the respective expression
vectors using the T7 RNA polymerase. “neo” denotes a
neomycin resistance gene, “EMCV IRES” denotes the inter-
nal ribosome entry site of the encephalomyocarditis virus,
“C” denotes the Core protein coding sequence, “E1” denotes
the E1 protein coding sequence, “E2” denotes the E2 protein
coding sequence, “p7” denotes the p7 protein coding
sequence, “NS2” denotes the NS2 protein coding sequence,
“NS3” denotes the NS3 protein coding sequence, “4A”
denotes the NS4A protein coding sequence, “4B” denotes
the NS4B protein coding sequence, “NS5A” denotes the
NSS5A protein coding sequence, and “NS5B” denotes the
NS5B protein coding sequence. HCV subgenomic replicon
RNA produced from the expression vector pS310ASGR-
Neo (HCV subgenomic replicon RNA of the S310A strain)
is an RNA produced by transcription of the region down-
stream of the T7 promoter, shown in FIG. 1C. In the figure,
“EcoR1,” “Pmel,” “SnaBl,” and “Xbal” indicate restriction
enzyme sites. The same applies to FIGS. 9, 10, 12, 14, and
16.

c¢DNA of S310A subgenomic replicon RNA is ligated to
downstream of the T7 promoter of the expression vector,
pS310ASGR-Neo. The cDNA nucleotide sequence of HCV
subgenomic replicon RNA of the S310A strain is shown in
SEQ ID NO: 16.

Example 2

Production of HCV Subgenomic Replicon RNA of
Wild-Type S310A Strain

The expression vector, pS310ASGR-Neo, constructed in
Example 1 was cleaved with the Xbal restriction enzyme.
Subsequently, 20 U of Mung Bean Nuclease was added to 10
to 20 pg of the Xbal-cleaved fragment (the total volume of
the reaction solution: 50 pl), followed by incubation at 30°
C. for 30 minutes. Mung Bean Nuclease is an enzyme that
catalyzes blunting reaction through selective decomposition
of the single-stranded portion in a double-stranded DNA.
When RNA transcription by an RNA polymerase is carried
out with the use of the Xbal-cleaved fragment as a template
DNA in that state, in general, replicon RNA having an extra
four nucleotides CUAG, which is a part of the Xbal recog-
nition sequence, added to the 3' terminus is synthesized. In
Example 2, accordingly, the Xbal-cleaved fragment was
treated with Mung Bean Nuclease to remove the four
nucleotides CTAG therefrom.

Subsequently, proteins were removed from the solution
containing the Xbal-cleaved fragment after Mung Bean
Nuclease treatment by conventional techniques to purify an
Xbal-cleaved fragment from which four nucleotides CTAG
had been removed, and the resultant was used as a template
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DNA in the subsequent reaction. RNA was synthesized in
vitro from the template DNA with the use of MEGAscript®
(Ambion, Inc.) through transcription using the T7 promoter.
Specifically, 20 ul of a reaction solution containing 0.5 to 1.0
ng of the template DNA was prepared in accordance with the
manufacturer’s instructions, and the reaction was allowed to
proceed at 37° C. for 3 to 16 hours.

After completion of RNA synthesis, DNase [ (2 U) was
added to the reaction solution for 15 minutes at 37° C. to
remove the template DNA, and RNA was extracted with
acidic phenol to prepare the HCV subgenomic replicon
RNA of the wild-type S310A strain (FIG. 1C) (SEQ ID NO:
16) transcribed from the pS310ASGR-Neo.

Example 3

Establishment of S310A Strain HCV Subgenomic
Replicon-Replicating Cell Clone

The HCV subgenomic replicon RNA of the wild-type
S310A strain produced in Example 2 (1 pg, 3 pg, 10 pg, or
30 pg) was introduced into Huh7 cells by electroporation.
The electroporated Huh7 cells (3x10° cells) were seeded in
a culture dish and cultured for 16 to 24 hours, and G418
(neomycin) was then added to the culture dish. Thereafter,
culture was continued while changing the culture solution
twice a week.

After the culture was continued for 21 days after seeding,
viable cells were stained with crystal violet. As a result,
colony formation of the cells transfected with 10 pug and 30
ng of the HCV subgenomic replicon RNAs of the S310A
strains was observed (FIG. 2). Colony formation indicates
that the HCV subgenomic replicon RNA was replicated in
the cells. These results demonstrate that HCV subgenomic
replicon RNA produced with the use of the non-structural
genomic region of the wild-type S310A strain has the
autonomous replication ability in cultured cells.

Regarding the cells into which HCV subgenomic replicon
RNA had been introduced and colony formation was
observed, colonies of viable cells were further cloned from
the culture dish after 21 days of culture described above, and
culture thereof was further continued. As a result of cloning
of colonies, 10 cell clones were established. These cell
clones were designated as S310A subgenomic replicon-
replicating cells and numbered (Clone Nos. 1 to 10). In the
thus-established cell clones, HCV subgenomic replicon
RNA of the S310A strain that had been introduced autono-
mously replicates.

Example 4

Quantification of the Copy Number of HCV
Subgenomic Replicon RNA in S310A Subgenomic
Replicon-Replicating Cells

With the use of the S310A subgenomic replicon-replicat-
ing cells of the established 10 clones (Clone Nos. 1 to 10),
the copy number of intracellular HCV subgenomic replicon
RNA was quantified. The quantification of copy number of
HCV subgenomic replicon RNA was carried out in accor-
dance with the technique described in Takeuchi et al. (Gas-
troenterology, 1999, Vol. 116, pp. 636-642) and Kato et al.
(Gastroenterology, 2003, Vol. 125, pp. 1808-1817).

This technique is a detection system using TagMan probe
method (PerkinElmer Inc., Applied Biosystems Inc.). Spe-
cifically, total RNA was first extracted from the S310A
subgenomic replicon-replicating cells in accordance with a
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conventional technique. Subsequently, cDNA was synthe-
sized from total RNA using rTth DNA polymerase, and the
synthesized cDNA template was amplified via PCR using
the primers: 5-CGGGAGAGCCATAGTGG-3' (SEQ ID
NO: 24) and 5'-AGTACCACAAGGCCTTTCG-3' (SEQ ID
NO: 25). At this time, a probe having the nucleotide
sequence 5'-CTGCGGAACCGGTGAGTACAC-3' (SEQ ID
NO: 26) to which a fluorescent dye, 6'-carboxy-fluorescein
(FAM), had been bound at the 5' terminus and a quencher,
6'-carboxytetramethyl-rhodamine (TAMRA), had been
bound at the 3' terminus was added. In the presence of such
probe, the probe that had hybridized to the template cDNA
is degraded because of 5' exonuclease activity of the Taq
polymerase during the process of amplification, the fluores-
cent dye is released from the probe, suppression by the
quencher is released, thereby emitting fluorescence. Thus,
such fluorescence was detected with ABI Prism 7700 (Parki-
nElmer Inc., Applied Biosystems Inc.) to quantify the copy
number of HCV subgenomic replicon RNA.

As a control for comparison, the cells into which HCV
subgenomic replicon RNA of the JFH-1 strain of genotype
2a had been introduced (the JFH-1 subgenomic replicon-
replicating cells) were used. The JFH-1 strain HCV subge-
nomic replicon RNA expression vector (comprising the 5'
untranslated region (5' UTR), the sequence of 57 nucleotides
at the 5' terminus of the Core protein coding region, the
neomycin resistance gene, the EMCV IRES sequence, the
nucleotide sequences encoding the NS3 protein, the NS4A
protein, the NS4B protein, the NS5A protein and the NS5B
protein, and the 3' untranslated region (3' UTR) of the HCV
JFH-1 strain in this order from the 5' to 3' direction) was
constructed and HCV subgenomic replicon RNA was pro-
duced in accordance with the techniques described in Kato
et al. (Gastroenterology, 2003, Vol. 125, pp. 1808-1817) and
International Publication No. WO 04/104198. Introduction
thereof into the Huh cells and quantification of the copy
number were carried out in the manner as described above.

FIG. 3 shows the results of quantification. Numbers on the
horizontal axis of the figure represent the clone numbers of
the clones of the S310A subgenomic replicon-replicating
cells. The vertical axis represents the copy number of HCV
subgenomic replicon RNA copies in the cells per 1 pg of
total RNA in the cells. Numbers shown on the top of the bar
represent copy numbers of HCV subgenomic replicon RNA
in the cells.

As a result, the RNA copy numbers in the S310A subge-
nomic replicon-replicating cells of the established 10 clones
were found to be equivalent to or more than that in the JFH-1
subgenomic replicon-replicating cells. Thus, the replication
ability of the HCV subgenomic replicon RNA derived from
the S310A strain was found to be substantially equivalent to
or more than that of the HCV subgenomic replicon RNA
derived from the JFH-1 strain.

Example 5

Effects of Antiviral Agent on Replicon RNA
Replication in S310A Subgenomic
Replicon-Replicating Cells

The effects of antiviral agents on replicon RNA replica-
tion in the established S310A subgenomic replicon-replicat-
ing cells (clones) were examined.

The S310A subgenomic replicon-replicating cells
(clones) and the JFH-1 subgenomic replicon-replicating
cells were seeded on 24-well plates at a density of 5x10*
cells/well, interferon-a. (IFN-a), NS3 protease inhibitors
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(VX-950 (telaprevir) (Lin et al, Journal of Biological Chem-
istry, 2004, Vol. 279, pp. 17508-17514) and BILN-2061
(Daniel et al, Nature, 2003, Vol. 426, pp. 186-189)), and
NS5B polymerase inhibitors JTK-109 (Hirashima et al,
Journal of Medicinal Chemistry, 2006, Vol. 49, pp. 4721-
4736) and PSI-6130 (Clark et al, Journal of Medicinal
Chemistry, 2005, Vol. 48, pp. 5504-5508) were added to the
wells on the following day, and the reaction was allowed to
proceed for 3 days. Thereafter, the cells were recovered,
total RNAs were extracted therefrom, and the copy number
of HCV subgenomic replicon RNA in the cells was quan-
tified in the same manner as in Example 4.

The results are shown in FIGS. 4 to 8. In each figure, the
horizontal axis represents the concentration of an inhibitor
added. The vertical axis represents change ratio of HCV
RNA levels, which is the percentage (%) of the amount of
subgenomic replicon RNA per pg of total RNA from cells
when an inhibitor was added, relative to the amount of
subgenomic replicon RNA per pg of total RNA from cells
when no inhibitor was added (0 IU or 0 M) (defined as
100%). In the Figures, the leftmost bar (white) represents the
results for the JFH-1 subgenomic replicon-replicating cells,
the second bar from the left (light gray) represents the results
for the S310A subgenomic replicon-replicating cell clone 6,
the third bar from the left (black) represents the results for
the S310A subgenomic replicon-replicating cell clone 9, and
the rightmost bar (dark gray) represents the results for the
S310A subgenomic replicon-replicating cell clone 10 at each
inhibitor concentration.

As a result of the addition of IFN-a, intracellular RNA
replication of the JFH-1 and S310A subgenomic replicon
RNAs was found to be markedly inhibited by IFN-a (FIG.
4).

While NS3 protease inhibitors, VX-950 and BILN-2061,
were observed to exert inhibitory activity on replication of
the JFH-1 subgenomic replicon, these NS3 protease inhibi-
tors did not inhibit replication of the S310A subgenomic
replicons (FIGS. 5 and 6). This indicates that the NS3
protease of genotype 3a would not be inhibited by a con-
ventional NS3 protease inhibitor, unlike the NS3 protease of
genotype 2a.

As a result of the addition of the NS5B polymerase
inhibitors, JTK-109 and PSI-6130, replication of the JFH-1
subgenomic replicon RNA was observed not to be inhibited
by JTK-109; however, replication of the S310A subgenomic
replicon RNAs was observed to be markedly inhibited by
JTK-109 (FIG. 7). In contrast, PSI-6130 inhibited replica-
tion of both the JFH-1 subgenomic replicon RNA and the
S310A subgenomic replicon RNAs in a concentration-de-
pendent manner (FIG. 8).

Accordingly, the subgenomic replicon of genotype 3a was
found to serve as a preferred tool for evaluating a drug that
would inhibit replication of HCV genotype 3a.

In addition, the replication ability of a subgenomic rep-
licon derived from the HCV strain of genotype 3a was found
to be influenced by a factor different from that for the
replication ability of a subgenomic replicon derived from the
HCV strain of genotype 2a. It is considered that the struc-
tures of polymerases encoded by the HCV genome are
different between genotype 3a and genotype 2a, which leads
to the different effects of drug compounds thereon, without
intending to be interpreted in a limited extent by that theory.
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Example 6

Sequence Analysis of HCV Subgenomic Replicon
RNA in S310A Subgenomic Replicon-Replicating
Cells

HCV subgenomic replicon RNA present in the S310A
subgenomic replicon-replicating cells (clones) established in
Example 3 was subjected to sequence analysis.

First, total RNAs were extracted from the S310A subge-
nomic replicon-replicating cells of the established 10 clones
and an additional clone (11 clones in total), and HCV
subgenomic replicon RNAs contained therein were ampli-
fied by RT-PCR. PCR amplification was carried out using
c¢DNA synthesized from HCV subgenomic replicon RNA
via reverse transcription as a template and 5'-TAATAC-
GACTCACTATAG-3' (SEQ ID NO: 27) and 5-GCGGCT-
CACGGACCTTTCAC-3' (SEQ ID NO: 28) as primers. The
PCR amplification product was cloned into a cloning vector
for sequencing and it was subjected to sequence analysis by
a conventional technique.

As a result of the sequence analysis, adaptive mutations
were identified in the HCV subgenomic replicon RNA in the
S310A subgenomic replicon-replicating cells and shown in
Table 1.

TABLE 1

Clone Number Amino acid mutation Mutation site

1 R2198H NS5A

2 R2895G NS5B
3 T12861 NS3
4 T12861 NS3
5 T12861 NS3
6 T12861 NS3
7 T12861 NS3
8 T12861 NS3

9 T24961 NS5B

R2895K NS5B

10 T2188A NS5A

11 S22101 NS5A

As shown in Table 1, the following nucleotide substitu-
tions causing amino acid substitutions were found in the
non-structural region of the HCV subgenomic replicon RNA
obtained from the S310A subgenomic replicon-replicating
cells: one mutation in the NS3 protein region (T12861: a
mutation of threonine (T) at position 1286 to isoleucine (1));
three mutations in the NS5A protein region (T2188A: a
mutation of threonine (T) at position 2188 to alanine (A);
R2198H: a mutation of arginine (R) at position 2198 to
histidine (H); and S22101: a mutation of serine (S) at
position 2210 to isoleucine (I)); and three mutations in the
NSS5B protein region (124961: a mutation of threonine (T) at
position 2496 to isoleucine (I); R2895G: a mutation of
arginine (R) at position 2895 to glycine (G); and R2895K:
a mutation of arginine (R) at position 2895 to lysine (K)). In
Clone 9, the mutations T24961 and R2895K were detected in
the NS5B protein at once. FIG. 9 schematically shows the
positions of such amino acid substitutions on the expression
vector, pS310ASGR-Neo. The positions of such amino acid
substitutions are based on the full-length amino acid
sequence of the precursor protein of the S310A strain (SEQ
ID NO: 14).
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Example 7

Mutagenesis into HCV Subgenomic Replicon RNA
of Wild-Type S310A Strain and Analysis of
Influence Thereof on Replicon Replication Ability

Whether or not the nucleotide substitutions that cause
amino acid substitutions identified in Example 6; i.e.,
nucleotide mutations, would affect replication of the HCV
subgenomic replicon RNA of the wild-type S310A strain in
the cells was examined in the manner described below.

Nucleotide substitutions causing the amino acid substitu-
tion T12861 in the NS3 protein region, the amino acid
substitutions T2188A, R2198H, and S22101I in the NS5A
protein region, and the amino acid substitutions T2496I,
R2895G, and R2895K in the NS5B protein region were each
introduced alone into the HCV subgenomic replicon RNA
expression vector, pS310ASGR-Neo, prepared in Example
1. Also, nucleotide substitutions causing the amino acid
substitutions 124961 and R2895K in the NS5B protein
region were introduced in combination into the expression
vector, pS310ASGR-Neo.

FIG. 10 shows the structures of the HCV subgenomic
replicon RNA expression vectors into which such amino
acid substitutions had been introduced. An expression vector
resulting from introduction of the substitution T12861 alone
into the expression vector, pS310ASGR-Neo, was desig-
nated as “pS310ASGR-Neo T12861.” Expression vectors
into which the other amino acid substitutions had been
introduced alone were designated in the same manner (see
FIG. 10). An expression vector resulting from introduction
of the substitutions T24961 and R2895K in combination into
the expression vector, pS310ASGR-Neo, was designated as
“pS310ASGR-Neo T24961/R2895K.”

Specifically, PCR was repeatedly carried out using
pS310ASGR-Neo and the PCR product thereof as template
DNAs and primers comprising the nucleotide mutations
causing the amino acid substitution to be introduced, thereby
introducing nucleotide substitutions into pS310ASGR-Neo.

PCR was carried out under the conditions described
below. First, 5 ul of 10x buffer and 4 ul of 2.5 mM dNTPs
mixture included in the Pyrobest® DNA Polymerase kit
(Takara Bio Inc.) and 100 uM primers (forward and reverse
primers; 0.25 ul of each) were added to the template DNA
for PCR, and deionized water was added to adjust the total
amount of the solution to 49.75 pl. Thereafter, 0.25 pul of
Pyrobest® DNA Polymerase (Takara Bio Inc.) was added
thereto, and PCR was then carried out. The PCR process
comprised thermal denaturation at 98° C. for 2 minutes, 25
cycles of 98° C. for 20 seconds, 55° C. for 30 seconds, and
72° C. for 3 minutes, and the final extension at 72° C. for 10
minutes.

To introduce T12861, first, PCR was carried out using
pS310ASGR-Neo as template DNA and primers Neo-S4
(8"-TCCTCGTGCTTTACGGTATC-3' (SEQ ID NO: 29))
and 1286R (5-GTTCCCAATGCGGACGTTGG-3' (SEQ
ID NO: 30)) under the conditions described above. The
resulting PCR product was designated as PCR Product No.
1.

Subsequently, PCR was carried out using pS310ASGR-
Neo as template DNA and primers 1286F (5'-CCAACGTC-
CGCATTGGGAAC-3' (SEQ ID NO: 31)) and 5546R (5'-
TCCTTGAACTGGTGGGCTATT-3' (SEQ ID NO: 32))
under the conditions described above. The resulting PCR
product was designated as PCR Product No. 2.

The PCR products were purified and dissolved in 15 pl of
H,0. DNAs of purified PCR Product No. 1 and purified PCR
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Product No. 2 (1 pl of each) were mixed together. Using the
mixture as a template DNA, PCR was carried out using
primers Neo-S4 (5-TCCTCGTGCTTTACGGTATC-3'
(SEQ ID NO: 29)) and 5546R (5-TCCTTGAACTG-
GTGGGCTATT-3' (SEQ ID NO: 32)) under the conditions
described above. The resulting PCR product was designated
as PCR Product No. 3. The PCR product was purified and
dissolved in 30 pl of H,O.

pS310ASGR-Neo and the purified PCR Product No. 3
were each digested with restriction enzymes SnaBI and
EcoT22l, and the HCV cDNA fragments were each frac-
tionated via agarose gel electrophoresis, followed by puri-
fication. These two DNA fragments were ligated to each
other via combining the DNA fragments and the DNA
Ligation Kit (Takara Bio Inc.) The resulting recombinant
expression vector (comprising a nucleotide substitution
causing the amino acid substitution T12861) was designated
as “pS310SGR-Neo T12861.” The sequence of HCV sub-
genomic replicon RNA synthesized from pS310ASGR-Neo
T12861 is shown in SEQ ID NO: 17.

To introduce T2188A, first, PCR was carried out using
pS310ASGR-Neo as template DNA and primers 5240F
(5-TGGGGCCTGTCCAAAATGAA-3' (SEQ ID NO: 33))
and 2188R (5'-GCCTCAGCGGCAATATGGGAA-3' (SEQ
ID NO: 34)) under the conditions described above. The
resulting PCR product was designated as PCR Product No.
4.

Subsequently, PCR was carried out using pS310ASGR-
Neo as template DNA and primers 2188F (5'-TTCCCAT-
ATTGCCGCTGAGGC-3' (SEQ ID NO: 35)) and 7601R
(5'-ACTAACGGTGGACCAAGAGT-3' (SEQ ID NO: 36))
under the conditions described above. The resulting PCR
product was designated as PCR Product No. 5.

The PCR products were each purified and dissolved in 15
ul of H,O. DNAs of PCR Product No. 4 and PCR Product
No. 5 (1 pl of each) were mixed together. Using the mixture
as a template DNA, PCR was carried out using primers
5240F (5'-TGGGGCCTGTCCAAAATGAA-3' (SEQ ID
NO: 33)) and 7601R (5'-ACTAACGGTGGACCAAGAGT-
3' (SEQ ID NO: 36)) under the conditions described above.
The resulting PCR product was designated as PCR Product
No. 6. The PCR product was purified and dissolved in 30 ul
of H,O.

pS310ASGR-Neo and the purified PCR Product No. 6
were digested with restriction enzymes Xhol and BamHI,
and the HCV cDNA fragments were each fractionated via
agarose gel electrophoresis, followed by purification. These
two DNA fragments were ligated to each other via combin-
ing the DNA fragments and the DNA Ligation Kit (Takara
Bio Inc.). The resulting recombinant expression vector
(comprising a nucleotide substitution causing the amino acid
substitution T2188A) was designated as “pS310ASGR-Neo
T2188A.” The sequence of HCV subgenomic replicon RNA
synthesized from pS310ASGR-Neo T2188A is shown in
SEQ ID NO: 21.

To introduce R2198H, first, PCR was carried out using
pS310ASGR-Neo as template DNA and primers 5240F
(5-TGGGGCCTGTCCAAAATGAA-3' (SEQ ID NO: 33))
and 2198R (§'-GAGGGGACCCATGCGCAAGGC-3' (SEQ
ID NO: 37)) under the conditions described above. The
resulting PCR product was designated as PCR Product No.
7.

Subsequently, PCR was carried out using pS310ASGR-
Neo as template DNA and primers 2198F (5'-GCCTTGCG-
CATGGGTCCCCTC-3' (SEQ ID NO: 38)) and 7601R (5'-
ACTAACGGTGGACCAAGAGT-3' (SEQ ID NO: 36))
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under the conditions described above. The resulting PCR
product was designated as PCR Product No. 8.

The PCR products were each purified and dissolved in 15
ul of H,O. DNAs of PCR Product No. 7 and PCR Product
No. 8 (1 ul of each) were mixed together. Using the mixture
as a template DNA, PCR was carried out using primers
5240F (5'-TGGGGCCIGTCCAAAATGAA-3 (SEQ ID
NO: 33)) and 7601R (5'-ACTAACGGTGGACCAAGAGT-
3' (SEQ ID NO: 36)) under the conditions described above.
The resulting PCR product was designated as PCR Product
No. 9. The PCR product was purified and dissolved in 30 ul
of H,O.

pS310ASGR-Neo and the purified PCR Product No. 9
were digested with restriction enzymes Xhol and BamHI,
and the HCV cDNA fragments were each fractionated via
agarose gel electrophoresis, followed by purification. These
two DNA fragments were ligated to each other via combin-
ing the DNA fragments and the DNA Ligation Kit (Takara
Bio Inc.) The resulting recombinant expression vector (com-
prising a nucleotide substitution causing the amino acid
substitution R2198H) was designated as “pS310ASGR-Neo
R2198H.” The sequence of HCV subgenomic replicon RNA
synthesized from pS310ASGR-Neo R2198H is shown in
SEQ ID NO: 18.

To introduce T24961, first, PCR was carried out using
pS310ASGR-Neo as template DNA and primers 7276F
(58'-GTACCACCAACTGTCCATGGA-3' (SEQ ID NO: 39))
and 2496R (5-TTAAAGCAATTTTGTAGTGGT-3' (SEQ
ID NO: 40)) under the conditions described above. The
resulting PCR product was designated as PCR Product No.
10.

Subsequently, PCR was carried out using pS310ASGR-
Neo as template DNA and primers 2496F (5'-ACCACTA-
CAAAATTGCTTTAA-3" (SEQ ID NO: 41)) and 8579R
(§8'-CCGCAGACAAGAAAGTCCGGGT-3' (SEQ ID NO:
42)) under the conditions described above. The resulting
PCR product was designated as PCR Product No. 11.

The PCR products were each purified and dissolved in 15
ul of H,O. DNAs of PCR Product No. 10 and PCR Product
No. 11 (1 pl of each) were mixed together. Using the mixture
as a template DNA, PCR was carried out using primers
7276F (5'-GTACCACCAACTGTCCATGGA-3' (SEQ ID
NO: 39)) and 8579R (5-CCGCAGACAAGAAAGTC-
CGGGT-3' (SEQ ID NO: 42)) under the conditions
described above. The resulting PCR product was designated
as PCR Product No. 12. The PCR product was purified and
dissolved in 30 ul of H,O.

pS310ASGR-Neo and the purified PCR Product No. 12
were digested with restriction enzymes Xhol and EcoRY,
and the HCV cDNA fragments were each fractionated via
agarose gel electrophoresis, followed by purification. These
two DNA fragments were ligated to each other via combin-
ing the DNA fragments and the DNA Ligation Kit (Takara
Bio Inc.) The resulting recombinant expression vector (com-
prising a nucleotide substitution causing the amino acid
substitution T24961) was designated as “pS310SGR-Neo
T24961.” The sequence of HCV subgenomic replicon RNA
synthesized from pS310ASGR-Neo T24961 is shown in
SEQ ID NO: 22.

To introduce R2895G, first, PCR was carried out using
pS310ASGR-Neo as template DNA and primers 7988F
(8-GCTCCGTCTGGGAGGACTTGC-3' (SEQ ID NO:
43)) and R2895G-R (5'-ATGGAGTCCTTCAATGATTGC-
3' (SEQ ID NO: 44)) under the conditions described above.
The resulting PCR product was designated as PCR Product
No. 13.
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Subsequently, PCR was carried out using pS310ASGR-
Neo as template DNA and primers R2895G-F (5'-GCAAT-
CATTGAAGGACTCCAT-3' (SEQ ID NO: 45)) and
3X-54R-2a (5'-GCGGCTCACGGACCTTTCAC-3' (SEQ
ID NO: 46)) under the conditions described above. The
resulting PCR product was designated as PCR Product No.
14.

The PCR products were each purified and dissolved in 15
ul of H,O. DNAs of PCR Product No. 13 and PCR Product
No. 14 (1 pl of each) were mixed together. Using the mixture
as a template DNA, PCR was carried out using primers
7988F (5'-GCTCCGTCTGGGAGGACTTGC-3' (SEQ ID
NO: 43)) and 3X-54R-2a (5'-GCGGCTCACGGAC-
CTTTCAC-3' (SEQ ID NO: 46)) under the conditions
described above. The resulting PCR product was designated
as PCR Product No. 15. The PCR product was purified and
dissolved in 30 pul of H,O.

pS310ASGR-Neo and the purified PCR Product No. 15
were digested with restriction enzymes EcoRV and Mfel,
and the HCV cDNA fragments were each fractionated via
agarose gel electrophoresis, followed by purification. These
two DNA fragments were ligated to each other via combin-
ing the DNA fragments and the DNA Ligation Kit (Takara
Bio Inc.) The resulting recombinant expression vector (com-
prising a nucleotide substitution causing the amino acid
substitution R2895G) was designated as “pS310SGR-Neo
R2895G.” The sequence of HCV subgenomic replicon RNA
synthesized from pS310ASGR-Neo R2895G is shown in
SEQ ID NO: 23.

To introduce R2895K, first, PCR was carried out using
pS310ASGR-Neo as template DNA and primers 7988F
(5'-GCTCCGTCTGGGAGGACTTGC-3"' (SEQ ID NO:
43)) and R2895K-R (5'-ATGGAGTTTTTCAATGATTGC-
3' (SEQ ID NO: 47)) under the conditions described above.
The resulting PCR product was designated as PCR Product
No. 16.

Subsequently, PCR was carried out using pS310ASGR-
Neo as template DNA and primers R2895K-F (5'-GCAAT-
CATTGAAAAACTCCAT-3' (SEQ ID NO: 48)) and
3X-54R-2a (5'-GCGGCTCACGGACCTTTCAC-3' (SEQ
ID NO: 46)) under the conditions described above. The
resulting PCR product was designated as PCR Product No.
17.

The PCR products were each purified and dissolved in 15
ul of H,O. DNAs of PCR Product No. 16 and PCR Product
No. 17 (1 pl of each) were mixed together. Using the mixture
as a template DNA, PCR was carried out using primers
7988F (5'-GCTCCGTCTGGGAGGACTTGC-3' (SEQ ID
NO: 43)) and 3X-54R-2a (5'-GCGGCTCACGGAC-
CTTTCAC-3' (SEQ ID NO: 46)) under the conditions
described above. The resulting PCR product was designated
as PCR Product No. 18. The PCR product was purified and
dissolved in 30 pul of H,O.

pS310ASGR-Neo and the purified PCR Product No. 18
were digested with restriction enzymes EcoRV and Mfel,
and the HCV cDNA fragments were each fractionated via
agarose gel electrophoresis, followed by purification. These
two DNA fragments were ligated to each other via combin-
ing the DNA fragments and the DNA Ligation Kit (Takara
Bio Inc.) The resulting recombinant expression vector (com-
prising a nucleotide substitution causing the amino acid
substitution R2895K) was designated as “pS310SGR-Neo
R2895K.” The sequence of HCV subgenomic replicon RNA
synthesized from pS310ASGR-Neo R2895K is shown in
SEQ ID NO: 19.

Separately, two amino acid substitutions (124961 and
R2895K) were introduced into the NS5B protein region.
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Specifically, the above-mentioned pS310ASGR-Neo
T24961 and the purified PCR Product No. 18 were digested
with restriction enzymes EcoRV and Mfel, and the HCV
cDNA fragments were each fractionated via agarose gel
electrophoresis, followed by purification. These two DNA
fragments were ligated to each other via combining the
DNA fragments and the DNA Ligation Kit (Takara Bio Inc.)
The resulting recombinant expression vector (comprising a
nucleotide substitution causing the amino acid substitutions
T24961 and R2895K) was designated as “pS310ASGR-Neo
T24961/R2895K.” The sequence of an HCV subgenomic
replicon RNA synthesized from pS310ASGR-Neo 124961/
R2895K is shown in SEQ ID NO: 20.

To introduce S2210I, PCR was carried out using
pS310ASGR-Neo as template DNA and primers 5240F
(58-TGGGGCCTGTCCAAAATGAA-3' (SEQ ID NO: 33))
and 2210R (5-CGACAGTTGGATGGCGGATGA-3' (SEQ
ID NO: 52)) under the conditions described above. The
resulting PCR product was designated as PCR Product No.
19.

Subsequently, PCR was carried out using pS310ASGR-
Neo as template DNA and primers 2210F (5'-TCATCCGC-
CATCCAACTGTCG-3' (SEQ ID NO: 53)) and 7601R
(5'-ACTAACGGTGGACCAAGAGT-3' (SEQ ID NO: 36))
under the conditions described above. The resulting PCR
product was designated as PCR Product No. 20.

The PCR products were each purified and dissolved in 15
ul of H,O. DNAs of PCR Product No. 19 and PCR Product
No. 20 (1 pl of each) were mixed together. Using the mixture
as a template DNA, PCR was carried out using primers
5240F (5'-TGGGGCCIGTCCAAAATGAA-3 (SEQ ID
NO: 33)) and 7601R (5'-ACTAACGGTGGACCAAGAGT-
3' (SEQ ID NO: 36)) under the conditions described above.
The resulting PCR product was designated as PCR Product
No. 21. The PCR product was purified and dissolved in 30
ul of H,O.

PS310ASGR-Neo and the purified PCR Product No. 21
were digested with restriction enzymes Xhol and BamHI,
and the HCV cDNA fragments were each fractionated via
agarose gel electrophoresis, followed by purification. These
two DNA fragments were ligated to each other via combin-
ing the DNA fragments and the DNA Ligation Kit (Takara
Bio Inc.) The resulting recombinant expression vector (com-
prising a nucleotide substitution causing the amino acid
substitution S22101) was designated as “pS310SGR-Neo
S22101.” The sequence of HCV subgenomic replicon RNA
synthesized from pS310ASGR-Neo S2210I is shown in
SEQ ID NO: 54.

Subsequently, HCV subgenomic replicon RNAs were
synthesized from the expression vectors: pS310ASGR-Neo,
pS310ASGR-Neo T12861, pS310ASGR-Neo T2188A,
pS310ASGR-Neo R2198H, pS310ASGR-Neo S2210I,
pS310ASGR-Neo T24961, pS310ASGR-Neo R2895G,
pS310ASGR-Neo R2895K, and pS310ASGR-Neo T24961/
R2895K, using MEGAscript® (Ambion) in the same man-
ner as in Example 2. 0.3 pg of each of the resulting HCV
subgenomic replicon RNAs was introduced into Huh7 cells
via electroporation. Nevertheless, the HCV subgenomic
replicon RNA of the wild-type S310A strain (expressed from
pS310ASGR-Neo) and T24961 mutant HCV subgenomic
replicon RNA (expressed from pS310ASGR-Neo T24961)
were introduced in amounts of 10 ng. The electroporated
Huh7 cells were seeded in a culture dish and cultured for 16
to 24 hours, and G418 (neomycin) was then added to the
culture dish. Thereafter, culture was continued while chang-
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ing the culture solution twice a week. After the cells were
cultured for 21 days after seeding, viable cells were stained
with crystal violet.

The results are shown in FIG. 11. In the figure, “wild-
type,” “T12861,” “T2188A,” “R2198H,” “S2210L”
“T24961,” “R2895G,” “R2895K,” and “T24961/R2895K”
show the results of staining the cells transfected with HCV
subgenomic replicon RNAs produced from pS310ASGR-
Neo, pS310ASGR-Neo T1286I, pS310ASGR-Neo T2188A,
pS310ASGR-Neo R2198H, pS310ASGR-Neo S2210I,
pS310ASGR-Neo T2496I, pS310ASGR-Neo R2895G,
pS310ASGR-Neo R2895K, and pS310ASGR-Neo T24961/
R2895K, respectively.

As a result, colony formation was confirmed in all cells
transfected with any of the subgenomic replicon RNAs.
However, the colony-forming ability of “T24961” was low,
and introduction of 10 pg of RNA is required for colony
formation as with the case of “wild-type.” Among the clones
verified to have colony-forming ability, particularly high-
level colony-forming abilities were detected in the clones of
“T12861,” “R2198H,” “R2895K,” and “T24961/R2895K.”
The colony-forming ability of “T24961” was equivalent to
that of “wild-type,” and no difference was observed between
“R2895K” and “T24961/R2895K.” Accordingly, we believe
that the amino acid substitution T24961 does not affect to the
subgenomic replicon RNA replication ability (FIG. 11).

We therefore demonstrated that the autonomous replica-
tion ability is maintained or enhanced when the above-
mentioned amino acid mutation is introduced into the HCV
subgenomic replicon RNA of the wild-type S310A strain. In
particular, we demonstrated that the autonomous replication
ability of the HCV subgenomic replicon RNA of the wild-
type S310A strain is notably enhanced by introducing the
amino acid mutation T12861, R2198H, or R2895K.

Example 8

Evaluation of Replication Efficiency of S310A
Strain Mutant HCV Subgenomic Replicon RNA
Using Luciferase Gene

In the detection of replicon-replicating cells shown in
Example 7 and FIG. 11, replicon-replicating cells can be
detected if they have replicon-replicating ability enough to
confer minimal neomycin resistance that allows cell sur-
vival. Accordingly, the method employed in Example 7 is
not suitable for analysis of the replicon replication levels. To
perform more quantitative evaluation of replication effi-
ciency of the S310A strain mutant HCV subgenomic repli-
con RNA, the HCV subgenomic replicon RNA expression
vector, pS310ASGR-Luc, was produced by recombination
of the neomycin resistance gene in pS310ASGR-Neo with a
luciferase gene. FIG. 12 shows the structure of the HCV
subgenomic replicon RNA expression vector, pS310ASGR-
Luc, and that of HCV subgenomic replicon RNA synthe-
sized from pS310ASGR-Luc.

The expression vector, pS310ASGR-Luc, was con-
structed in accordance with the procedure described in Kato
et al. (Journal of Clinical Microbiology, 2005, Vol. 43, pp.
5679-5684). Specifically, the neomycin resistance gene
(neo) in the HCV subgenomic replicon expression vector,
pS310ASGR-Neo, was substituted with a firefly luciferase
gene (Luc) to construct the expression vector, p310ASGR-
Luc (FIG. 12).

Also, the neomycin resistance gene (neo) in the S310A
strain HCV subgenomic replicon expression vectors com-
prising the above-mentioned amino acid mutations was
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substituted with the firefly luciferase gene (Luc) to construct
p310ASGR-Luc mutants. p310ASGR-Luc mutants were
designated as follows: “p310ASGR-Luc T12861” for the
T12861 mutant; “p310ASGR-Luc T2188A” for the T2188A
mutant; “p310ASGR-Luc R2198H” for the R2198H mutant;

“pS310ASGR-Luc  S2210I” for the S2210I mutant;
“p310ASGR-Luc T24961” for the T24961 mutant;
“p310ASGR-Luc R2895G” for the R2895G mutant;

“p310ASGR-Luc R2895K” for the R2895K mutant; and
“p310ASGR-Luc T24961/R2895K for the T24961/R2895K
mutant.”

HCV subgenomic replicon RNAs were prepared from the
wild-type p310ASGR-Luc and the p310ASGR-Luc mutants
in the same manner as in Example 2, 5 pug of each of the
resulting RNAs was introduced into 2x10° Huh7 cells via
electroporation, and the resultant was seeded on a 12-well
plate. The seeded cells were recovered 24 hours and 72
hours later, and the luciferase activity thereof was assayed
using the Luciferase assay system (Promega).

The results are shown in FIG. 13. In the figure, “wild-
type,” “T12861,” “T2188A,” “R2198H,” “S2210L,”
“T24961,” “R2895G,” “R2895K,” and “T24961/R2895K”
show the results of the cells transfected with HCV subge-
nomic replicon RNAs produced from pS310ASGR-Luc,

PS310ASGR-Luc T12861, pS310ASGR-Luc T2188A,
pS310ASGR-Luc R2198H, pS310ASGR-Luc S2210I,
PS310ASGR-Luc T2496I, pS310ASGR-Luc R2895G,

pS310ASGR-Luc R2895K, and pS310ASGR-Luc T24961/
R2895K, respectively.

As a negative control, the subgenomic replicon RNA
(JFH1/GND) in which the amino acid residue aspartic acid
(D) at position 2760 in the NS5B polymerase of the JFH-1
strain had been substituted with asparagine (N) was used
(Kato et al., J. Clin. Microbiol., 2005, Vol. 43, pp. 5679-
5684). This subgenomic replicon RNA (JFH1/GND) does
not have the replication ability 72 hours after transfection
due to the mutation of the NS5B polymerase. The vertical
axis in the figure represents relative luminescence intensity
of luciferase, and a higher luminescence intensity level
indicates higher replication ability. When the expression
level of the luciferase gene is higher than that of JFH1/GND
72 hours after transfection, it indicates that gene amplifica-
tion is performed continuously (i.e., the RNA has the
autonomous replication ability).

As a result, luciferase gene expression levels for
“R2198H,” “S22101,” “R2895G,” “R2895K,” and “T24961/
R2895K” were found to be higher than that of JFH1/GND
72 hours later. This indicates that HCV subgenomic replicon
RNAs comprising the amino acid substitution R2198H,
S22101, R2895G, R2895K, or T24961/R2895K continu-
ously undergo gene amplification.

Example 9

Construction of HCV Full-Genomic Replicon RNA
(Full-Length Genomic RNA) Expression Vector of
a Mutated S310A Strain

To evaluate the HCV particle production ability of the
S310A strain HCV full-genomic replicon RNAs comprising
the amino acid substitutions identified in Example 6 in
cultured cells, the HCV full-genomic replicon RNA expres-
sion vectors comprising the full-length HCV genome
sequences were constructed.

The expression vector, pS310A, prepared in Example 1
(the recombinant plasmid comprising ¢cDNA of the full-
length genomic RNA of the wild-type S310A strain inserted
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into pUC19 under the control of the T7 promoter) and the
various types of pS310ASGR-Neo mutants prepared in
Example 7 were used to prepare HCV full-genomic replicon
RNA expression vectors.

Specifically, pS310A prepared in Example 1 and
pS310SGR-Neo T12861 prepared in Example 7 were
digested with SnaBI and BamHI restriction enzymes. The
HCV cDNA fragments were each fractionated via agarose
gel electrophoresis, followed by purification. The resulting
DNA fragment of pS310A and DNA fragment of the
pS310ASGR-Neo mutant were ligated to each other via
combining such two DNA fragments and the DNA Ligation
Kit (Takara Bio Inc.). The resulting HCV full-genomic
replicon RNA expression vector comprising the amino acid
substitution was designated as “pS310A T12861.”

Similarly, other pS310ASGR-Neo mutants prepared in
Example 7 (i.e., pS310ASGR-Neo T2188A, pS310ASGR-
Neo R2198H, pS310ASGR-Luc 822101, pS310ASGR-Neo
T24961, pS310ASGR-Neo R2895G, and pS310ASGR-Neo
R2895K) were digested with adequate restriction enzymes
(i.e., SnaBl and BamHI for pS310ASGR-Neo T1286I;
BamHI and Xhol for pS310ASGR-Neo T2188A and
pS310ASGR-Neo R2198H; Sacll for pS310ASGR-Neo
T24961; and Scal for pS310ASGR-Neo R2895G and
pS310ASGR-Neo R2895K), and pS310A was digested with
the same restriction enzyme as the restriction enzyme that
had been used for digestion of the recombination target, each
of the pS310ASGR-Neo mutants. The DNA fragment of
pS310A and the DNA fragment of the pS310ASGR-Neo
mutant, which had been prepared by digestion with the same
restriction enzyme, were ligated to each other in the manner
described above. The resulting expression vectors for HCV
full-genomic replicon RNAs comprising amino acid substi-
tutions were designated as pS310A T2188A, pS310A
R2198H, pS310A S2210I, pS310A T2496I, pS310A
R2895@G, and pS310A R2895K, respectively.

Example 10

Evaluation of HCV Particle-Production Ability in
Cells Transfected with HCV Full-Genomic
Replicon RNA of S310A Mutant

pS310A prepared in Example 1 and the expression vectors
prepared in Example 9 were cleaved with the Xbal restric-
tion enzyme, followed by phenol/chloroform extraction and
ethanol precipitation. Subsequently, the Xbal fragment was
treated with Mung Bean Nuclease to remove the extra four
nucleotides, CTAG, at the 3' terminus derived from the Xbal
recognition sequence from the Xbal fragment. Next, the
Mung Bean Nuclease-treated solution containing the Xbal
fragment was subjected to proteinase K treatment, phenol/
chloroform extraction, and ethanol precipitation to purify
the DNA fragment. RNA was synthesized using this as a
template DNA with MEGAscript® T7 kit (Ambion, Inc.).

After the completion of RNA synthesis, the template
DNA was removed by adding DNase (2 U) to the reaction
solution and reacting them at 37° C. for 15 minutes, and
RNA extraction was then performed with acidic phenol.
Thus, the HCV full-genomic replicon RNAs of the wild-type
S310A strain and the mutated S310A strains were obtained.

The HCV full-genomic replicon RNAs of the wild-type
S310A strain and the mutated S310A strains obtained have
the nucleotide sequences identical to those of the full-length
genomic RNAs of the wild-type S310A strain and the
mutated S310A strains, respectively. In this Example, the
HCV full-genomic replicon RNA of the wild-type S310A
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strain (i.e., full-length genomic RNA of the wild-type
S310A strain) is referred to as “S310A,” and the S310A
strain HCV full-genomic replicon RNAs into which the
amino acid substitution (or mutation) T12861, T2188A,
T2198H, S2210I, T24961, R2895G, or R2895K had been
introduced (i.e., mutants of the S310A strain full-length
genomic RNA) are referred to as “S310A T12861,” “S310A
T2188A,” “S310A R2198H,” “S310A S2210L” “S310A
T24961,” “S310A R2895G,” or “S310A R2895K,” respec-
tively. FIG. 14 shows the structures of these S310A strain
HCV full-genomic replicon RNAs (i.e., HCV full-length
genomes).

The resulting HCV full-genomic replicon RNAs (10 pug)
of the wild-type and mutated S310A strains were each
introduced (transfected) into Huh7 cells by electroporation.
The electroporated Huh7 cells were seeded in a culture dish
and cultured for 16 to 24 hours, and G418 (neomycin) was
then added to the culture dish. Thereafter, culture was
continued with subculturing twice a week. The HCV Core
protein in the culture supernatant was quantified over time
using an HCV antigen ELISA test kit (Ortho-Clinical Diag-
nostics K.K.) to confirm the production of HCV particles.

FIG. 15 shows the results. The horizontal axis of the chart
represents cell culture time after introducing HCV full-
genomic replicon RNAs (full-length RNAs) of the wild-type
S310A strain and the mutated S310A strain into the cells and
the vertical axis represents HCV core protein concentration
in the cell culture supernatant. “T12861,” “T2188A,”
“R2198H,” “S22101,” “T24961,” “R2895K,” and “R2895G”
represent cells transfected with HCV full-genomic replicon
RNAs (full-length RNAs) of S310A T1286I, S310A
T2188A, S310A R2198H, S310A S22101, S310A T2496],
S310A R2895K, and S310A R2895@G, respectively.

In the cells transfected with “S22101,” “R2198H,” and
“R2895K,” elevated HCV core protein concentration was
observed in the cell culture supernatant 96 hours after
transfection with HCV full-genomic replicon RNA (full-
length RNAs). Among HCV full-genomic replicon RNAs of
these three mutated S310A strains, the cells transfected with
“S22101” showed the highest HCV core protein concentra-
tion in the culture supernatant. This indicates that the
mutation S2210I provides the highest HCV particle-produc-
tion ability. An clear elevation in the HCV core protein
concentration in the culture supernatant of the cells trans-
fected with “R2198H” was observed in comparison with
other cells. While the HCV core protein concentration in the
culture supernatant of the cells transfected with “R2895K”
was lower than that in the culture supernatant of the cells
transfected with “S22101” or “R2198H,” elevation in the
concentration was observed over time.

When the culture supernatants of cells transfected with
the HCV full-genomic replicon RNAs of these three mutated
S310A strains: “S2210L,” “R2198H,” and “R2895K,” at 96
hours after transfection were added to another Huh7 cell,
HCYV core proteins were detected for the Huh7 cell. Accord-
ingly, it was confirmed that infectious HCV particles were
secreted into the culture supernatants of cells transfected
with HCV full-genomic replicon RNA of the mutated
S310A strain; i.e., “S2210L,” “R2198H,” or “R2895K.”

The results demonstrate that cells transfected with
mutated S310A strain HCV full-genomic replicon RNA
(full-length RNA) into which the mutation S22101 (SEQ ID
NO: 49), R2198H (SEQ ID NO: 50), or R2895K (SEQ ID
NO: 51) had been introduced produce infectious HCV
particles.

INDUSTRIAL APPLICABILITY

We can provide HCV subgenomic replicon RNA of
genotype 3a and HCV full-genomic replicon RNA capable
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of producing infectious HCV particles of genotype 3a,
which can propagate in cultured cells. They can be used to
screen an anti-HCV drug independent of genotype, and in
particular, screen an anti-HCV drug against genotype 3a, for
which no effective therapeutic agents are available, research
concerning the HCV replication mechanism or replication
efficiency, and development of HCV vaccines using HCV
particles.

All publications, patents, and patent applications cited
herein are incorporated herein by reference in their entirety.
Sequence Listing Free Text
SEQ ID NO: 1: cDNA sequence of full-length genomic
RNA of the wild-type S310A strain in which a region from
positions 1 to 340 is a 5' untranslated region (5' UTR), a
region from positions 341 to 913 is the Core protein coding
sequence, a region from positions 914 to 1489 is the El
protein coding sequence, a region from positions 1490 to
2596 is the E2 protein coding sequence, a region from
positions 2597 to 2785 is the p7 protein coding sequence, a
region from positions 2786 to 3436 is the NS2 protein
coding sequence, a region from positions 3437 to 5329 is the
NS3 protein coding sequence, a region from positions 5330
to 5491 is the NS4 A protein coding sequence, a region from
positions 5492 to 6274 is the NS4B protein coding sequence,
a region from positions 6275 to 7630 is the NS5A protein
coding sequence, a region from positions 7631 to 9406 is the
NS5B protein coding sequence, and a region from positions
9407 to 9655 is a 3' untranslated region (3' UTR).

SEQ ID NO: 2: cDNA sequence of the 5' untranslated region
(5' UTR) of genomic RNA of the wild-type S310A strain.
SEQ ID NO: 3: ¢cDNA sequence of the Core protein coding
sequence of genomic RNA of the wild-type S310A strain.
SEQ ID NO: 4: cDNA sequence of the El protein coding
sequence of genomic RNA of the wild-type S310A strain.
SEQ ID NO: 5: cDNA sequence of the E2 protein coding
sequence of genomic RNA of the wild-type S310A strain.
SEQ ID NO: 6: ¢cDNA sequence of the p7 protein coding
sequence of genomic RNA of the wild-type S310A strain.
SEQ ID NO: 7: ¢cDNA sequence of the NS2 protein coding
sequence of genomic RNA of the wild-type S310A strain.
SEQ ID NO: 8: cDNA sequence of the NS3 protein coding
sequence of genomic RNA of the wild-type S310A strain.
SEQ ID NO: 9: cDNA sequence of the NS4A protein coding
sequence of genomic RNA of the wild-type S310A strain.
SEQ ID NO: 10: cDNA sequence of the NS4B protein
coding sequence of genomic RNA of the wild-type S310A
strain.

SEQ ID NO: 11: cDNA sequence of the NS5A protein
coding sequence of genomic RNA of the wild-type S310A
strain.

SEQ ID NO: 12: ¢cDNA sequence of the NS5B protein
coding sequence of genomic RNA of the wild-type S310A
strain.

SEQ ID NO: 13: cDNA sequence of the 3' untranslated
region (3' UTR) of genomic RNA of the wild-type S310A
strain.

SEQ ID NO: 14: the amino acid sequence of the precursor
protein of the wild-type S310A strain in which a region from
positions 1 to 191 is the Core protein, a region from
positions 192 to 383 is the El protein, a region from
positions 384 to 752 is the E2 protein, a region from
positions 753 to 815 is the p7 protein, a region from
positions 816 to 1032 is the NS2 protein, a region from
positions 1033 to 1663 is the NS3 protein, a region from
positions 1664 to 1717 is the NS4 A protein, a region from
positions 1718 to 1978 is the NS4B protein and, a region
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from positions 1979 to 2430 is the NS5A protein, and a
region from positions 2431 to 3021 is the NS5B protein.
SEQ ID NO: 15: the amino acid sequence of the region from
the NS3 protein to the NS5B protein in the precursor protein
of the wild-type S310A strain.
SEQ ID NO: 16: ¢cDNA sequence of HCV subgenomic
replicon RNA of the wild-type S310A strain.
SEQ ID NO: 17: ¢cDNA sequence of HCV subgenomic
replicon RNA of the S310A T12861 mutant synthesized
from pS310ASGR-Neo T12861.
SEQ ID NO: 18: ¢cDNA sequence of HCV subgenomic
replicon RNA of the S310A R2198H mutant synthesized
from pS310ASGR-Neo R2198H.
SEQ ID NO: 19: ¢cDNA sequence of HCV subgenomic
replicon RNA of the S310A R2895K mutant synthesized
from pS310ASGR-Neo R2895K.
SEQ ID NO: 20: ¢cDNA sequence of HCV subgenomic
replicon RNA of the S310A T24961/R2895K mutant syn-
thesized from pS310ASGR-Neo T24961/R2895K.
SEQ ID NO: 21: ¢cDNA sequence of HCV subgenomic
replicon RNA of the S310A T2188A mutant synthesized
from pS310ASGR-Neo T2188A.
SEQ ID NO: 22: ¢cDNA sequence of HCV subgenomic
replicon RNA of the S310A T24961 mutant synthesized
from pS310ASGR-Neo T24961.
SEQ ID NO: 23: ¢cDNA sequence of HCV subgenomic
replicon RNA of the S310A R2895G mutant synthesized
from pS310ASGR-Neo R2895G.
SEQ ID NO: 24: primer used for the TagMan probe method.
SEQ ID NO: 25: primer used for the TagMan probe method.
SEQ ID NO: 26: probe used for the TagMan probe method.
SEQ ID NO: 27: primer.
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
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: primer.

: primer Neo-S4.
: primer 1286R.
: primer 1286F.
: primer 5546R.
: primer 5240F.
: primer 2188R.
: primer 2188F.
: primer 7601R.
: primer 2198R.
: primer 2198F.
: primer 7276F.
: primer 2496R.
: primer 2496F.
: primer 8579R.
: primer 7988F.

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

: primer R2895G-R.

: primer R2895G-F.

: primer 3X-54R-2a.

SEQ ID NO: 47: primer R2895K-R.

SEQ ID NO: 48: primer R2895K-F.

SEQ ID NO: 49: ¢cDNA sequence of HCV full-genomic
replicon RNA of the S310A S2210I mutant.

SEQ ID NO: 50: ¢cDNA sequence of HCV full-genomic
replicon RNA of the S310A R2198H mutant.

SEQ ID NO: 51: ¢cDNA sequence of HCV full-genomic
replicon RNA of the S310A R2895K mutant.

SEQ ID NO: 52: primer 2210R.

SEQ ID NO: 53: primer 2210F.

SEQ ID NO: 54: ¢cDNA sequence of HCV subgenomic
replicon RNA of the S310A S22101 mutant synthesized from
PS310ASGR-Neo S22101.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 54

<210> SEQ ID NO 1

<211> LENGTH: 9655

<212> TYPE: DNA

<213> ORGANISM: Hepatitis ¢ virus

<220> FEATURE:

<223> OTHER INFORMATION:
wild-type strain S310A

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(340)

<223> OTHER INFORMATION: 5' UTR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (341)..(913)

<223> OTHER INFORMATION: Core

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (914)..(1489

<223> OTHER INFORMATION: E1

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1490)..(2596)

<223> OTHER INFORMATION: E2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2597)..(2785)

<223> OTHER INFORMATION: p7

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2786) ..(3436)

<223> OTHER INFORMATION: NS2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3437)..(5329)

<223> OTHER INFORMATION: NS3

cDNA sequence of full-length genome RNA of
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5330)..(5491

<223> OTHER INFORMATION: NS4A

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5492)..(6274)

<223> OTHER INFORMATION: NS4B

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6275)..(7630)

<223> OTHER INFORMATION: NS5A

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7631)..(9406)

<223> OTHER INFORMATION: NSG5B

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9407)..(9655

<223> OTHER INFORMATION: 3' UTR

<400> SEQUENCE: 1

gacctgccte ttacgaggcg acactccacc atggatcact cccctgtgag gaacttctgt
cttcacgcgg aaagcgccta gocatggegt tagtacgagt gtegtgcage ctccaggacce
cceccteceg ggagagccat agtggtctge ggaaccggtg agtacaccgg aatcgctggg
gtgaccgggt cctttcttgg aacaacccge tcaataccca gaaatttggg cgtgcccccg
cgagatcact agccgagtag tgttgggtcg cgaaaggcct tgtggtactg cctgataggg
tgcttgcgag tgccccggga ggtctcegtag accgtgcaac atgagcacac ttectaaacce
ccaaagaaaa accaaaagaa acaccatccg tcgcccacag gacgtcaagt tccegggtgg
cggacagatc gttggtggag tatacgtgtt gccgcgcagg ggcccacggt tgggtgtgeg
cgeggcogegt aaaacttcetg aacggtcaca goctcgtgga cggeggcage ctatccccac
ggcgegtegg agcgaaggce ggtoctggge tcageccggg tacccttgge ccectcetatgg
taatgagggc tgcgggtggg cagggtgget cctgtccceg cgeggctccce gtcecatcttg
gggcccgaac gacccccgge gaaggtcccg caacttgggt aaagtcatcg ataccctcac
gtgcgggtte gccgacctca tggggtacat cccgetcegte ggcogetcccg tagggggegt
cgcaagagct ctegcgcatg gogtgaggge ccttgaagac gggataaatt tcgcaacagg
gaacttgcct ggttgctect tttcoctatctt ccttettget ctgctttett gcttagtcca
tcectgcaget agtttagagt ggcggaatgc atctggcctc tacatcctta ccaacgactg
tcccaacagce agtattgtgt atgaggccga tgatgttatt ctgcacacac ccggctgtat
accttgtgtt caggacggca ataaatccac gtgctggacc tcagtgacac ctacagtggce
agtcaggtac gtcggagcaa ccaccgcttc gatacgcagt catgtggacc tattagtggg
cgeggccacg atgtgctcetg cgctctacgt gggtgatatg tgtggggecg tottcecttgt
gggacaagcc ttcacgttca gacctegtcg ccatcaaacg gtccagacct gtaactgctce
actgtacccg ggccatctcet caggacaccg aatggcttgg gatatgatga tgaactggte
cceccgetatg ggtatggtgg tagcgcacat cctacgtctg cctcagacct tgtttgacat
aatagccggg goccattggg gcatcttgge ggggctagec tattactcca tgcagggcaa
ctgggccaag gtcgctatca tcatggttat gttttcaggg gtcgatgcca ctacatatac
caccggtggce gcagtagetc atggcgccaa gggactaact agtcttttta gtetgggege

ccaacagaaa ctgcagttgg tcaacaccaa tggctcetgg cacatcaaca ggactgccct

gaactgcaat gagtccatac acacggggtt cgtagctggg ttgttttact atcataagtt
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caactctact ggatgccctce aaaggctcag cagctgcaag cccatcactt ccttcaagca 1740
ggggtggggce tccctgacag atgctaacat caccgggtet tcetgaggaca aaccgtactg 1800
ctggcactac gcacccagac cttgcacaac tgttcaagca tcaagtgtct geggccctgt 1860
gtactgctte acaccatcge cagtggttgt gggcactact gatgctgagg gcgtcccaac 1920
ctatacctgg ggtggaaata agacagacgt gttcctgcetg aagtccttge ggcctceccaa 1980
cggtcagtgg tttgggtgca cgtggatgaa ctccacgggg tttaccaaga cgtgcggggce 2040
tcececttgt aacatctatg ggggtaaagg gagtcatcac aatgattcag acctcatctg 2100
ccctaccgac tgtttcagga aacatcccga ggecacatac agecggtgeyg gtgeggggece 2160
ctggttgaca cctcgatgca tggtcgacta tccataccgg ctttggcatt acccgtgcac 2220
agtcaatttt tcattgttca aggtgaggat gtttgtgggt gggtttgagc accggttcac 2280
cgecgettge aactggacca ggggggageg ctgcgatate gaggatcgeg accgcagcga 2340
gcaacacceg ctgctgecatt caacgaccga gctcgctata ctgecttget ccttecacgece 2400
catgcctgeg ttgtcaacag gtttaataca cctceccaccaa aacatcgtgg atgtccagta 2460
cctttatgge gttggatctyg gcatggtggg atgggcgcetg aaatgggagt tegtcegtect 2520
cgttttecte ctecctagcag acgcacgcgt gtgegttget ctttggctga tgctgatgat 2580
atcacaagca gaagcagcct tggagaacct tgtcacgcetg aacgccatcg ctgctgececgg 2640
gacacatggt attggttggt actttgtagc cttttgcgeg gcatggtacg tgcggggtaa 2700
gcttgteeeg ctggtgacct acagcctgac gggtcectcectgg tetectggegt tgctegtect 2760
cttgctecece cagcecgggegt acgcctggte aggtgaagac agcgctacte ttggegetgg 2820
gatcttggte ctetttggcet tctttacctt gtcaccctgg tataagcatt ggatcggecyg 2880
cctcatgtgg tggaaccagt acaccatatg tagatgcgag gccgccctece aagtgtgggt 2940
ccecceectta ctegecacgeg ggagtaggga cggtgttatce ctgctaacaa gtcectgcttta 3000
tccatcttta atttttgaca tcaccaagct actgatagca gtattgggcce cattatactt 3060
aatacaggct gccatcactg ccacccecta ctttgtgegt gcacatgtat tggttcegect 3120
ttgcatgctce gtgcgctetyg taatgggggg aaaatacttc cagatgatca tactgagcat 3180
tggcagatgg tttaacacct atctgtacga ccacctagcg ccaatgcaat attgggctgce 3240
agctggectce aaagacctag cagtggccac tgaacctgtg atatttagtce ccatggaaac 3300
caaggtcatc acctggggcg cggacacagc ggcttgcgga gatattcttt gegggctgece 3360
cgtcteegeg cgactaggec gtgaggtgtt gttgggacct gectgatgatt accgggagat 3420
gggttggege ctgttggcce caatcacagce atacgcccag caaaccaggg gccttcettgg 3480
gactattgtg accagcttga ctggcaggga taagaatgtg gtgaccggcg aagtgcaggt 3540
gctttctacg gctacccaga ccttectagg tacaacaata gggggggtta tgtggactgt 3600
ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa catcctgcge tccaaatgta 3660
cacaaatgta gatcaggacc tcgttgggtg gccagccect ccaggggcta agtctcecttga 3720
accgtgcacce tgcgggtetg cagacttata cttggttacce cgcgatgctg acgtcatccce 3780
cgcteggege aggggggact ccacagcgag cttgctcage cctaggcecte tegectgtet 3840
caagggctcce tctggaggtce cegttatgtg cceccttegggg catgtcacgg ggatcttteg 3900
ggctgctgtyg tgcaccagag gtgtagcaaa gaccctacag ttcataccag tggaaaccct 3960
tagtacacag actaggtccc catccttcte tgacaattca actcctcceg cegteccaca 4020
gagctaccaa gtagggtatc ttcatgcccce gaccggtagt ggcaagagca caaaggtcecce 4080
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ggccgcttac gtagcacaag gataccatgt tctcegtgttg aatccatcag tggcggcecac 4140
actaggcttc ggctcttaca tgtcgaaagce ctatgggatc gaccccaacg tccgcactgg 4200
gaaccgcact gtcacaactg gtgctaaact gacctattcc acctacggta agtttctege 4260
ggatgggggt tgctctgggg gagcgtatga tgtgattatt tgtgatgaat gccatgcecca 4320
agacgctact accatattgg gtattggcac ggtcttagat caggctgaga cggctggggt 4380
gaggctgacg gttctggcga cagcaactcce cccaggcagce atcactgtgce cacattctaa 4440
catcgaggag gtagccctgg gcetctgaagg tgagatcect ttctacggta aggctatacce 4500
gatagcccag ctcaaggggg ggaggcacct tatcttttge cattccaaga aaaagtgtga 4560
tgagatagca tccaagctca gaggcatggg gctcaacgct gtagcattct ataggggtct 4620
tgatgtgtcce atcataccaa cagcaggaga cgtcgtggtt tgcgccactg acgccctcat 4680
gactgggtac accggagact ttgattctgt catagattgc aacgtgactg ttgaacagta 4740
cgttgacttc agcttggacc ccacctttte cattgagact cacactgctce cccaagacgce 4800
ggtttcecege agccaacgte gtggccgtac gggccggggt agactceggca tataccgata 4860
tgtcaccceg ggtgaaagac cgtctggaat gtttgacteg gttgttctet gtgagtgceta 4920
tgatgcgggce tgctegtggt acgatctgca gcccgctgag actacagtca gactgagagce 4980
ttacttgtcce acgccgggtt tacctgtctg tcaagaccat cttgactttt gggagagegt 5040
ctttactgga ctaactcaca tagatgccca ctttctgtca cagactaagce agcagggact 5100
caacttccecg tacctgactg cctaccaagce cactgtgtge gecccgecgcecge aggctcectcece 5160
cccaagttgg gacgagacgt ggaaatgtct cgtacggcett aaaccaacac tacatggacc 5220
cacgccectt ctgtatcggt tggggcctat ccaaaatgaa acctgcttga cacaccccegt 5280
cacaaaatac atcatggcat gcatgtcagc tgatctggaa gtgaccacca gcgcecctgggt 5340
gttgcttgga ggggtgctcg cggccctage ggcttactge ttgtcagtcg gctgegttgt 5400
gatcgtgggt catattgagce tggggggcaa gccagcactc gttccagaca aagaggtgtt 5460
gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagcet gccccatata tcgaacaagce 5520
tcaggtaata gcccaccagt tcaaggagaa agtccttgga ttgctgcagce gagccaccca 5580
acaacaagct gtcattgagc ccatagtagc taccaactgg caaaagcttg aggcgttcetg 5640
gcacaagcat atgtggaatt ttgtgagtgg gatccagtac ctagcaggcc tttceccacttt 5700
gcctggcaac cccgetgtgg cgtetcecttat ggcgttcace gettetgtca ccagtcecect 5760
gacgaccaac caaactatgt tcttcaacat actcgggggg tgggttgcta cccatttgge 5820
agggcccecag agctcectteeg cattcegtggt aageggettg gecggcegctg ccataggggg 5880
tataggcctg ggcagggtcect tgattgacat cctggcagga tacggagctg gtgtctcagg 5940
cgecttggtg gettttaaga tcatgggagg agaactcccce actgctgagg acatggtcaa 6000
catgctgect geccatactat cteccgggcge cctegttgte ggtgtgatat gtgcagcecat 6060
actgegtcega cacgtaggac ctggggaggg ggcggtgcag tggatgaaca ggctcatcge 6120
attcgcatcce cggggtaacc acgtctcacc gacgcactat gtccccgaga gcegatgctgce 6180
agcgaaggtt actgcattgce tgagttctct aactgtcaca agtctgctcce ggcgactgca 6240
ccagtggatc aatgaagact acccaagtcc ttgctgegge gactggctge gtaccatctg 6300
ggactgggtt tgcatggtgt tgtctgactt caagacatgg ctctccgecta agattatgece 6360
agcgctecct gggctgectt tectttectg tcagaaggga tacaagggceg tgtggcegggg 6420
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agacggtgtg atgtcgacac gctgtcecttg cggggcgaca ataaccggtce atgtgaagaa 6480
tgggtctatg cggcttgcag ggccacgcac atgtgctaac atgtggcacg gtactttcce 6540
catcaatgag tacaccaccg gacccggcac accttgccca gcacccaact acactcgege 6600
attattgcge gtggctgcca acagctacgt tgaggtgcege cgggtggggg acttccacta 6660
cattacgggg gctacagaag atgagctcaa gtgtccgtge caagtgccgg ccgcagagtt 6720
ttttactgag gtggatgggg tgagactcca ccgttacgcc cctccatgca agcccctgtt 6780
gagggatgaa atcactttca tggtagggtt gaactcctac gcaataggat ctcaactccce 6840
ctgtgagccce gaaccagatg tttcectgtgct gacctcgatg ttgagagacce cttceccatat 6900
taccgetgag gcagcagege gecgecttge gegtgggtece cctecatcag aggcaagcete 6960
atccgcecage caactgtegg cteccgtegtt gaaggccact tgtcagtcgt atgggcectca 7020
tctggacgcet gagctagtgg atgccaacct gttatggegg caggagatgg gcagcactat 7080
cacacgggta gagtctgaaa caaaggttgt gattcttgat tcattcgaac ctctgagagc 7140
cgaaactgat gacgccgagce tcectecggtgge tgcagagtgt ttcaagaagce ctcccaagta 7200
tcetecagee cttectatet gggctaggcee agactacaac cctcecattgt tagaccgetg 7260
gaaagcaccg gattatgttc caccaactgt tcatggatgc gccttaccac cacggggcegce 7320
tccaccggtg cecteeccecte ggaggaagag aacaattcag ctggatgget ccaatgtgtce 7380
cgeggegeta getgegetag cagaaaagtce attcccegtece tcaaagcecge aggaagagaa 7440
tagctcatce tcaggggteg acacacagtc cagcactacc tctaaggtgce ccccccccece 7500
aggaggggaa tccgactcag agtcgtgctce gtceccatgect ccectcetecgagg gagagcecggg 7560
cgatccggat ttgagctgeg actcttggte cactgtgagt gacaatgagg agcagaacgt 7620
agtctgcetge tccatgtegt actcttggac cggegcecttg ataacaccat gtagtgctga 7680
ggaggagaaa ctacccatca gcccactcag caactceccttg ttgagacacc ataatctggt 7740
ttattcaacg tcgtcaagaa gcgcttcectca gcgtcagaag aaggttacct tcgacaggcet 7800
gcaggtgcte gacgaccact acaaaactgc tttaaaggag gtaaaggagc gagcgtctgg 7860
ggtgaaggct cgcatgctca ccatcgagga agcgtgcaag cttgtccccce cccactetge 7920
ccgttcecgaag ttcgggtata gtgcgaagga cgctcegttece ttgtccagca gggccgttaa 7980
ccagatccge teccgtcectggg aggacttgct ggaagacacc acaactccaa ttccaacaac 8040
catcatggcg aagaacgagg tgttttgtgt ggacccegtt aaggggggcce gcaagcccgce 8100
tcgectecatt gtgtaccetg acctgggggt gecgtgtetgt gagaaacgcg ccctatatga 8160
cgtgatacag aagttgtcaa tcgcgacgat gggtcctget tatggattcce agtactcgcece 8220
tcagcagcegg gtcgaacgte tgctgaagat gtggacctca aagagaaccce ccctggggtt 8280
ctcgtatgac acccgctget ttgactcgac tgtcactgaa caggatatca gggtggaaga 8340
ggagatatat caatgctgta accttgaacc ggaggccagg aaggtgatct cctecctceac 8400
ggagcggcett tactgcgggg gccccatgtt caacagcaag ggggcccagt gcggttatceg 8460
ccgttgecgt gectagtggag ttcectaccgac cagetttgge aacacaatca cttgttacat 8520
caaggccaca gcggctgcaa gggccgeggg tctecggaac ccggacttte ttgtetgegg 8580
agatgatttg gtcgtggtgg ccgagagtga tggcgtcgac gaggataggg cagccctgag 8640
agccttcacg gaggctatga ccaggtactce tgctccaccce ggagatgctce cacagcctac 8700
ctacgacctt gagctcatca catcttgctce ctctaacgtc tccgtagcac atgacaacaa 8760
ggggaggagg tattactacc tcacccgtga tgccactact cccctggecce gtgeggettyg 8820
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ggaaacagct cgtcacactc cagttaactc ctggttgggc aacatcatca tgtacgcgece 8880
taccatctgg gtgcgcatgg tgatgatgac acactttttc tccatactcc aatcccagga 8940
gatacttgat cgccceccttg attttgaaat gtacggggec acttactctg tcactccget 9000
ggatttacca gcaatcattg aaagactcca tggtctaagc gcgttcacac tccacagtta 9060
ctcteccagta gaactcaata gggtcgeggg gacactcagg aagcttgggt gecccccect 9120
acgagcttgg agacatcggg cacgagcagt gcgcgctaag cttattgcce agggaggtaa 9180
ggccaaaata tgtggccttt atctctttaa ctgggcagta cgcaccaaga ccaaactcac 9240
tccactgeca gecgctagee agttggactt atccaattgg tttteggttg gegtceggegg 9300
gaacgacatt tatcacagcg tgtcacatgc ccgaacccgce catttgctgce tttgectact 9360
cctactaact gtaggggtag gcatctttct cctgccagca cgataagctg gtaggataac 9420
actccattcee ttttececttg tttttatttt tttttttttt tttttttttt tttttteeet 9480
ttcttttttt tttttttttt tttttttttg tttttectet ttccattett ttctaacctt 9540
aaattttecct ttctttaggt ggctccatct tagccctagt cacggctage tgtgaaaggt 9600
ccgtgagecg catgactgca gagagtgccg taactggtet ctctgcagat catgt 9655
<210> SEQ ID NO 2
<211> LENGTH: 340
<212> TYPE: DNA
<213> ORGANISM: Hepatitis c¢ virus
<220> FEATURE:
<223> OTHER INFORMATION: cDNA sequence of 5' UTR of genome RNA of wild-

type strain S310A
<400> SEQUENCE: 2
gacctgecte ttacgaggeg acactccacce atggatcact ceectgtgag gaacttetgt 60
cttcacgegg aaagcgecta gecatggegt tagtacgagt gtegtgcage ctccaggace 120
cceecteceg ggagagecat agtggtetge ggaaccggtyg agtacaccgyg aatcgetggg 180
gtgaccgggt cctttettgg aacaacccge tcaataccca gaaatttggg cgtgcccecg 240
cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300
tgcttgcgag tgcceccggga ggtctegtag accgtgcaac 340

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 573

TYPE: DNA

ORGANISM: Hepatitis ¢ virus
FEATURE:

OTHER INFORMATION: cDNA sequence of Core-coding region of genome

RNA of wild-type strain S310A

SEQUENCE: 3

atgagcacac ttcctaaacc ccaaagaaaa accaaaagaa

gacgtcaagt tccegggtgg cggacagatc gttggtggag

ggcccacggt tgggtgtgeg cgeggegegt aaaacttcetg

cggeggeage ctatccccac ggegegtegg agegaaggece

tacccttgge ccctetatgg taatgaggge tgegggtggg

cgeggetece gtecatettg gggeccgaac gaccccegge

aaagtcatcg ataccctcac gtgegggtte gecgacctca

ggcgcteceyg tagggggegt cgcaagagcet ctegegcatg

acaccatccg

tatacgtgtt

aacggtcaca

ggtCCtgggC

cagggtggct

gaaggtcceg

tggggtacat

gegtgaggge

tcgeccacag

gecgegeagg

gectegtgga

tcagcccgygy

cctgteceey

caacttgggt

ccegetegte

ccttgaagac

60

120

180

240

300

360

420

480
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gggataaatt tcgcaacagg gaacttgcct ggttgctect tttectatett ccttettget

ctgetttett gettagteca tectgeaget agt

<210> SEQ ID NO 4
<211> LENGTH: 576

<212> TYPE:
<213> ORGANISM: Hepatitis c¢ virus

DNA

<220> FEATURE:

<223> OTHER INFORMATION:

of wild-type S310A strain

<400> SEQUENCE: 4

ttagagtgge

attgtgtatg

gacggcaata

ggagcaacca

tgctectgege

acgttcagac

catcteteag

atggtggtag

cattggggca

gctatcatca

ggaatgcatc

aggccgatga

aatccacgtg

cecgettegat

tctacgtggy

ctcgtegeca

gacaccgaat

cgcacatect

tCttggngg

tggttatgtt

<210> SEQ ID NO 5
<211> LENGTH: 1107

<212> TYPE:
<213> ORGANISM: Hepatitis c¢ virus

DNA

<220> FEATURE:

<223> OTHER INFORMATION:

tggcctctac

tgttattctyg

ctggacctca

acgcagtcat

tgatatgtgt

tcaaacggtce

ggcttgggat

acgtctgect

gctagectat

ttcaggggte

of wild-type S310A strain

<400> SEQUENCE: 5

actacatata

agtctgggcg

aggactgcece

tatcataagt

tcctteaage

aaaccgtact

tgcggeeety

ggcgtcccaa

cggecteaca

acgtgcgggyg

gacctcatcet

ggtgcgggge

taccecgtgea

caccggttca

gaccgcagceg

tcctteacge

gatgtccagt

ccacceggtygyg
cccaacagaa
tgaactgcaa

tcaactctac

aggggtgggg

getggeacta

tgtactgett

cctatacctyg

acggtcagtyg

ctcececttyg

gecectaccga

cctggttgac

cagtcaattt

cegeegettyg

agcaacaccc

ccatgectge

acctttatgg

cgcagtaget

actgcagttyg

tgagtccata

tggatgcect

ctcectgaca

cgcacccaga

cacaccatcg

gggtggaaat

gtttgggtgc

taacatctat

ctgtttcagyg

acctcgatge

ttecattgtte

caactggacc

getgetgeat

gttgtcaaca

cgttggatct

atccttacca

cacacacccg

gtgacaccta

gtggacctat

ggggccgtct

cagacctgta

atgatgatga

cagaccttgt

tactccatge

gatgce

catggcgeca

gtcaacacca

cacacggggt

caaaggctca

gatgctaaca

ccttgcacaa

ccagtggttyg

aagacagacg

acgtggatga

gggggtaaag

aaacatcceg

atggtcgact

aaggtgagga

aggggggage

tcaacgaccyg

ggtttaatac

ggcatggtgg

acgactgtcc
getgtatace
cagtggcagt
tagtgggege
tcecttgtggy
actgctcact
actggtccce

ttgacataat

agggcaactyg

agggactaac

atggctectyg

tcgtagetygy

gcagctgcaa

tcaccgggte

ctgttcaage

tgggcactac

tgttcctget

actccacggyg

ggagtcatca

aggccacata

atccataccyg

tgtttgtggyg

getgegatat

agctcgetat

acctccacca

gatgggcgct

cDNA sequence of El-coding region of genome

caacagcagt

ttgtgttcag

caggtacgtce

ggccacgatg

acaagcctte

gtacceggge

cgctatgggt

agccggggcec

ggccaaggte

cDNA sequence of El-coding region of genome

tagtcttttt

gcacatcaac

gttgttttac

geccatcact

ttctgaggac

atcaagtgtce

tgatgctgag

gaagtccttyg

gtttaccaag

caatgattca

cagccggtge

getttggeat

tgggtttgag

cgaggatcge

actgeettge

aaacatcgtyg

gaaatgggag

540

573

RNA

60

120

180

240

300

360

420

480

540

576

RNA

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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ttcegtegtee tegttttect cctectagea gacgcacgeg tgtgegttge tetttggetg

atgctgatga tatcacaagce agaagca

<210> SEQ ID NO 6

<211> LENGTH: 189

<212> TYPE: DNA

<213> ORGANISM: Hepatitis c¢ virus
<220> FEATURE:

1080

1107

<223> OTHER INFORMATION: cDNA sequence of p7-coding region of genome RNA

of wild-type strain S310A
<400> SEQUENCE: 6
gecttggaga accttgtcac getgaacgece atcgetgetg cegggacaca tggtattggt
tggtactttg tagccttttyg cgeggeatgg tacgtgeggg gtaagettgt ccegetggtg
acctacagcce tgacgggtet ctggtetetg gegttgeteg tectettget cccccagegg
gegtacgece
<210> SEQ ID NO 7
<211> LENGTH: 651
<212> TYPE: DNA

<213> ORGANISM: Hepatitis c¢ virus
<220> FEATURE:

60

120

180

189

<223> OTHER INFORMATION: cDNA sequence of NS2-coding region of genome

RNA of wild-type strain S310A
<400> SEQUENCE: 7
tggtcaggtyg aagacagcge tactcttgge getgggatet tggtceetett tggettettt
accttgtcac cctggtataa gcattggate ggecgectea tgtggtggaa ccagtacacce
atatgtagat gcgaggccge cctecaagtg tgggtcccee cettactege acgegggagt
agggacggtyg ttatcctget aacaagtetg ctttatccat ctttaatttt tgacatcacce
aagctactga tagcagtatt gggeccatta tacttaatac aggetgccat cactgccacce
ccctactttyg tgcegtgeaca tgtattggtt cgectttgea tgetegtgeg ctetgtaatg
gggggaaaat acttccagat gatcatactyg agcattggca gatggtttaa cacctatctg
tacgaccacc tagcgccaat gcaatattgg getgecagetg gectcaaaga cctagcagtg
gccactgaac ctgtgatatt tagtcccatg gaaaccaagg tcatcacctyg gggegeggac
acagcggett geggagatat tetttgeggg ctgccegtet cegegegact aggccegtgag
gtgttgttgg gacctgctga tgattaccgg gagatgggtt ggegectgtt g
<210> SEQ ID NO 8
<211> LENGTH: 1893
<212> TYPE: DNA

<213> ORGANISM: Hepatitis c¢ virus
<220> FEATURE:

60

120

180

240

300

360

420

480

540

600

651

<223> OTHER INFORMATION: cDNA sequence of NS3-coding region of genome

RNA of wild-type strain S310A
<400> SEQUENCE: 8
gecccaatca cagcatacge ccagcaaacce aggggectte ttgggactat tgtgaccage
ttgactggca gggataagaa tgtggtgacce ggcgaagtge aggtgettte tacggctacce
cagaccttee taggtacaac aatagggggg gttatgtgga ctgtttacca tggegcagge
tcaaggacac ttgcgggege taaacatect gegetccaaa tgtacacaaa tgtagatcag
gacctegttyg ggtggccage cectccaggyg gctaagtcete ttgaaccgtyg cacctgeggg

tctgcagact tatacttggt tacccgegat getgacgtea tececgeteg gegcaggggg

60

120

180

240

300

360
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gactccacag cgagcttget cagecctagg cctetegect gtetcaaggg ctectetgga 420
ggtccegtta tgtgccctte ggggecatgtce acggggatcet ttegggetge tgtgtgcacce 480
agaggtgtag caaagaccct acagttcata ccagtggaaa cccttagtac acagactagg 540
tcecccatect tetetgacaa ttcaactect ceegecgtece cacagagcta ccaagtaggg 600
tatcttcatg ccccgaccgg tagtggcaag agcacaaagg tceccggecge ttacgtagea 660
caaggatacc atgttctegt gttgaatcca tcagtggegyg ccacactagyg ctteggetcet 720
tacatgtcga aagcctatgg gatcgacccece aacgtccgea ctgggaaccyg cactgtcaca 780
actggtgcta aactgaccta ttccacctac ggtaagttte tegeggatgg gggttgetcet 840
gggggagcegt atgatgtgat tatttgtgat gaatgccatg cccaagacgce tactaccata 900
ttgggtattyg gcacggtett agatcaggcet gagacggcetyg gggtgagget gacggttetg 960
gcgacagcaa ctcccccagg cagcatcact gtgccacatt ctaacatcga ggaggtagec 1020
ctgggctectg aaggtgagat ccctttcectac ggtaaggcta taccgatagce ccagctcaag 1080
ggggggaggc accttatctt ttgccattcc aagaaaaagt gtgatgagat agcatccaag 1140
ctcagaggca tggggctcaa cgctgtagca ttctataggg gtcttgatgt gtccatcata 1200
ccaacagcag gagacgtcgt ggtttgcgce actgacgccce tcatgactgg gtacaccgga 1260
gactttgatt ctgtcataga ttgcaacgtg actgttgaac agtacgttga cttcagcttg 1320
gaccccacct tttceccattga gactcacact gcectccccaag acgcggtttce ccgcagcecaa 1380
cgtegtggece gtacgggecg gggtagactce ggcatatacce gatatgtcac cccgggtgaa 1440
agaccgtcectg gaatgtttga ctecggttgtt ctetgtgagt gectatgatge gggctgectceg 1500
tggtacgatc tgcagcccgce tgagactaca gtcagactga gagcttactt gtccacgecg 1560
ggtttacctg tcectgtcaaga ccatcttgac ttttgggaga gcgtctttac tggactaact 1620
cacatagatg cccactttct gtcacagact aagcagcagg gactcaactt cccgtacctg 1680
actgectace aagccactgt gtgcgeccge gegecaggcete cteccccaag ttgggacgag 1740
acgtggaaat gtctcgtacg gcttaaacca acactacatg gacccacgcce ccttcetgtat 1800
cggttggggce ctatccaaaa tgaaacctgc ttgacacacc ccgtcacaaa atacatcatg 1860
gcatgcatgt cagctgatct ggaagtgacc acc 1893

<210> SEQ ID NO 9
<211> LENGTH: 162

<212> TYPE:
<213> ORGANISM: Hepatitis c¢ virus

DNA

<220> FEATURE:

<223> OTHER INFORMATION:

RNA of wild-type strain S310A

<400> SEQUENCE: 9

agcgectggyg tgttgettgg aggggtgete geggecctag cggettactyg cttgtcagte

ggctgegttyg tgatcegtggg tcatattgag ctggggggca agccagcact cgttecagac

aaagaggtgt tgtatcaaca attcgatgag atggaggagt gc

<210> SEQ ID NO 10
<211> LENGTH: 783

<212> TYPE:
<213> ORGANISM: Hepatitis c¢ virus

DNA

<220> FEATURE:

<223> OTHER INFORMATION:

RNA of wild-type strain S310A

cDNA sequence of NS4A-coding region of genome

60

120

162

cDNA sequence of NS4B-coding region of genome
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<400> SEQUENCE: 10

tcgcaagctg ccccatatat cgaacaagct caggtaatag cccaccagtt caaggagaaa 60
gtccttggat tgctgcageg agccacccaa caacaagctg tcattgagec catagtaget 120
accaactggc aaaagcttga ggcgttctgg cacaagcata tgtggaattt tgtgagtggg 180
atccagtacc tagcaggcct ttccactttg cctggcaacc ccgetgtgge gtcotettatg 240
gcgttcaceg cttetgtcac cagtcccctg acgaccaacc aaactatgtt cttcaacata 300
ctcggggggt gggttgctac ccatttggca gggccccaga gctcttecge attegtggta 360
agcggettgg cecggegetge catagggggt ataggectgg gcagggtcett gattgacatce 420
ctggcaggat acggagctgg tgtctcagge gecttggtgg cttttaagat catgggagga 480
gaactcccca ctgctgagga catggtcaac atgctgcctg ccatactatc tcecgggegec 540
ctegttgteg gtgtgatatg tgcagccata ctgcgtcgac acgtaggacce tggggagggyg 600
gcggtgcagt ggatgaacag gctcatcgeca ttegcatcce ggggtaacca cgtctcaccg 660
acgcactatg tccccgagag cgatgctgca gcgaaggtta ctgcattget gagttctcta 720
actgtcacaa gtctgctceg gecgactgcac cagtggatca atgaagacta cccaagtcct 780
tgc 783

<210> SEQ ID NO 11

<211> LENGTH: 1356

<212> TYPE: DNA

<213> ORGANISM: Hepatitis c¢ virus

<220> FEATURE:

<223> OTHER INFORMATION: cDNA sequence of NS5A-coding region of genome
RNA of wild-type strain S310A

<400> SEQUENCE: 11
tgcggegact ggctgegtac catctgggac tgggtttgea tggtgttgte tgacttcaag 60
acatggctet ccgctaagat tatgecageg ctecctggge tgectttect ttectgtcag 120

aagggataca agggcgtgtg geggggagac ggtgtgatgt cgacacgetg tcecettgeggg 180

gcgacaataa ccggtcatgt gaagaatggyg tctatgegge ttgcagggec acgcacatgt 240
gctaacatgt ggcacggtac tttccccate aatgagtaca ccaccggacce cggcacacct 300
tgcccagcac ccaactacac tcgegeatta ttgegegtgg ctgccaacag ctacgttgag 360
gtgcgeeggyg tgggggactt ccactacatt acgggggcta cagaagatga gcetcaagtgt 420
cegtgecaag tgccggecge agagtttttt actgaggtgg atggggtgag actccaccegt 480
tacgccecte catgcaagece cctgttgagg gatgaaatca ctttcatggt agggttgaac 540
tcctacgcaa taggatctcea actccectgt gageccgaac cagatgttte tgtgetgace 600
tcgatgttga gagaccctte ccatattace getgaggeag cagegegecg ccttgegegt 660
gggtccecte catcagagge aagctcatcce gecagccaac tgteggetece gtegttgaag 720
gecacttgte agtcgtatgg gectcatctyg gacgctgage tagtggatge caacctgtta 780
tggceggcagyg agatgggcag cactatcaca cgggtagagt ctgaaacaaa ggttgtgatt 840
cttgattcat tcgaacctet gagagccgaa actgatgacg cegagetcete ggtggetgea 900
gagtgtttca agaagcctcc caagtatcct ccagecctte ctatectggge taggecagac 960

tacaaccctce cattgttaga ccgctggaaa gcaccggatt atgttccacc aactgttcat 1020

ggatgcegect taccaccacg gggegcetcca ceggtgecte ceecteggag gaagagaaca 1080

attcagctgg atggctccaa tgtgtccgcg gcgctagetg cgctagcaga aaagtcattce 1140
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cegtectcaa agecgcagga agagaatage tcatcctcag gggtcgacac
actacctecta aggtgecccee ceccccagga ggggaatceg actcagagte
atgcctecte tcgagggaga gocgggegat ceggatttga getgegacte
gtgagtgaca atgaggagca gaacgtagtc tgctge

<210> SEQ ID NO 12

<211> LENGTH: 1776

<212> TYPE: DNA

<213> ORGANISM: Hepatitis c¢ virus
<220> FEATURE:

acagtccage
gtgctegtee

ttggtccact

1200

1260

1320

1356

<223> OTHER INFORMATION: cDNA sequence of NS5B-coding region of genome

RNA of wild-type strain S310A

<400> SEQUENCE: 12

tccatgtegt actcttggac cggegecttg ataacaccat gtagtgctga
ctacccatca gcccactcag caactecttg ttgagacace ataatctggt
tcgtcaagaa gcgcettetea gegtcagaag aaggttacct tcegacaggcet
gacgaccact acaaaactgc tttaaaggag gtaaaggage gagegtetgg
cgcatgetca ccatcgagga agegtgcaag cttgteccce cccactetge
ttcgggtata gtgcgaagga cgctegttece ttgtccagea gggccgttaa
tcegtetggyg aggacttget ggaagacacce acaactccaa ttccaacaac
aagaacgagg tgttttgtgt ggacccegtt aaggggggec gcaageccgce
gtgtaccetyg acctgggggt gegtgtetgt gagaaacgeg ccectatatga
aagttgtcaa tcgcgacgat gggtectget tatggattece agtactcgece
gtcgaacgte tgctgaagat gtggacctca aagagaacce ccctggggtt
acccgetget ttgactcgac tgtcactgaa caggatatca gggtggaaga
caatgctgta accttgaacce ggaggccagg aaggtgatcet cctccctcac
tactgcegggyg gecccatgtt caacagcaag ggggceccagt geggttatceg
getagtggag ttctaccgac cagetttgge aacacaatca cttgttacat
geggetgeaa gggcegeggyg teteceggaac cceggacttte ttgtetgegg
gtegtggtgg ccgagagtga tggegtcegac gaggataggg cageectgag
gaggctatga ccaggtactc tgctccacce ggagatgcte cacagectac
gagctcatca catcttgcte ctctaacgte tcegtagcac atgacaacaa
tattactacc tcaccegtga tgecactact cecectggece gtgeggettg
cgtcacacte cagttaacte ctggttggge aacatcatca tgtacgegece
gtgcgcatgg tgatgatgac acacttttte tccatactee aatcccagga
cgecccecttyg attttgaaat gtacggggece acttactetg tcactceget
gcaatcattg aaagactcca tggtctaage gegttcacac tccacagtta
gaactcaata gggtcgeggg gacactcagg aagcttgggt geccecccect
agacatcggg cacgagcagt gegegctaag cttattgece agggaggtaa
tgtggccttt atctetttaa ctgggcagta cgcaccaaga ccaaactcac
gecgctagee agttggactt atccaattgg tttteggttg gegteggegyg
tatcacagcg tgtcacatge ccgaaccege catttgetge tttgectact

gtaggggtag gcatctttet cctgccagca cgataa

ggaggagaaa

ttattcaacyg

gecaggtgcete

ggtgaaggct

ccgttegaag

ccagatcege

catcatggeg

tcgecteatt

cgtgatacag

tcagcagegyg

ctcgtatgac

ggagatatat

ggagcggctt

cegttgeegt

caaggccaca

agatgatttyg

agccttcacy

ctacgacctt

dgggaggagg

ggaaacagct

taccatctgyg

gatacttgat

ggatttacca

ctctecagta

acgagcettygg

ggccaaaata

tccactgeca

gaacgacatt

cctactaact

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1776
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

getggtagga taacactcca ttecttttee
tttttttttt ttttttettt tttttttete
tcttttctaa ccttaaattt tectttettt

tagctgtgaa aggtcegtga gecgeatgac

SEQ ID NO 13
LENGTH: 249
TYPE: DNA

ORGANISM: Hepatitis ¢ virus

FEATURE:

OTHER INFORMATION: cDNA sequence of 3!

type strain S310A

SEQUENCE: 13

cttgttttta

ttceeeeeet

aggtggetee

tgcagagagt

ttceeeeeet

tttgttttte

atcttagece

gecgtaactg

ttceeeeeet

ctctttecat

tagtcacgge

gtctetetge

UTR of genome RNA of wild-

60

120

180

240

249

OTHER INFORMATION: amino acid sequence of the precursor protein of

agatcatgt
<210> SEQ ID NO 14
<211> LENGTH: 3021
<212> TYPE: PRT
<213> ORGANISM: Hepatitis c¢ virus
<220> FEATURE:
<223 >

wild-type strain S310A
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(191)
<223> OTHER INFORMATION: Core
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (192)..(383)
<223> OTHER INFORMATION: E1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (384)..(752)
<223> OTHER INFORMATION: E2
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (753)..(815)
<223> OTHER INFORMATION: p7
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (816)..(1032)
<223> OTHER INFORMATION: NS2
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1033)..(1663)
<223> OTHER INFORMATION: NS3
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1664)..(1717
<223> OTHER INFORMATION: NS4A
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1718)..(1978
<223> OTHER INFORMATION: NS4B
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1979)..(2430)
<223> OTHER INFORMATION: NS5A
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2431)..(3021
<223> OTHER INFORMATION: NSG5B
<400> SEQUENCE: 14

Met Ser Thr Leu Pro Lys Pro Gln Arg Lys Thr Lys Arg Asn Thr Ile

1

5

10

15

Arg Arg Pro Gln Asp Val Lys Phe Pro Gly Gly Gly Gln Ile Val Gly

20

25

30

Gly Val Tyr Val Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg Ala
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Ala

Ile

65

Tyr

Leu

Arg

Gly

Gly

145

Gly

Phe

Glu

Asn

Gly

225

Ser

Ser

Ser

Gln

Asn

305

Asp

Ile

Trp

Ala

Thr

385

Ser

Asn

Ile

Ser

Arg

50

Pro

Pro

Leu

Arg

Phe

130

Gly

Ile

Leu

Trp

Ser

210

Cys

Val

Ile

Ala

Ala

290

Cys

Met

Leu

Gly

Lys

370

Tyr

Leu

Gly

His

Thr
450

35

Lys

Thr

Trp

Ser

Arg

115

Ala

Val

Asn

Leu

Arg

195

Ser

Ile

Thr

Arg

Leu

275

Phe

Ser

Met

Arg

Ile

355

Val

Thr

Phe

Ser

Thr
435

Gly

Thr

Ala

Pro

Pro

100

Ser

Asp

Ala

Phe

Ala

180

Asn

Ile

Pro

Pro

Ser

260

Tyr

Thr

Leu

Met

Leu

340

Leu

Ala

Thr

Ser

Trp
420

Gly

Cys

Ser

Arg

Leu

85

Arg

Arg

Leu

Arg

Ala

165

Leu

Ala

Val

Cys

Thr

245

His

Val

Phe

Tyr

Asn

325

Pro

Ala

Ile

Gly

Leu
405
His

Phe

Pro

Glu

Arg

70

Tyr

Gly

Asn

Met

Ala

150

Thr

Leu

Ser

Tyr

Val

230

Val

Val

Gly

Arg

Pro

310

Trp

Gln

Gly

Ile

Gly

390

Gly

Ile

Val

Gln

Arg

55

Ser

Gly

Ser

Leu

Gly

135

Leu

Gly

Ser

Gly

Glu

215

Gln

Ala

Asp

Asp

Pro

295

Gly

Ser

Thr

Leu

Met

375

Ala

Ala

Asn

Ala

Arg
455

40

Ser

Glu

Asn

Arg

Gly

120

Tyr

Ala

Asn

Cys

Leu

200

Ala

Asp

Val

Leu

Met

280

Arg

His

Pro

Leu

Ala

360

Val

Val

Gln

Arg

Gly

440

Leu

Gln

Gly

Glu

Pro

105

Lys

Ile

His

Leu

Leu

185

Tyr

Asp

Gly

Arg

Leu

265

Cys

Arg

Leu

Ala

Phe

345

Tyr

Met

Ala

Gln

Thr
425

Leu

Ser

Pro

Arg

Gly

90

Ser

Val

Pro

Gly

Pro

170

Val

Ile

Asp

Asn

Tyr

250

Val

Gly

His

Ser

Met

330

Asp

Tyr

Phe

His

Lys

410

Ala

Phe

Ser

Arg

Ser

75

Cys

Trp

Ile

Leu

Val

155

Gly

His

Leu

Val

Lys

235

Val

Gly

Ala

Gln

Gly

315

Gly

Ile

Ser

Ser

Gly

395

Leu

Leu

Tyr

Cys

Gly

60

Trp

Gly

Gly

Asp

Val

140

Arg

Cys

Pro

Thr

Ile

220

Ser

Gly

Ala

Val

Thr

300

His

Met

Ile

Met

Gly

380

Ala

Gln

Asn

Tyr

Lys
460

45

Arg

Ala

Trp

Pro

Thr

125

Gly

Ala

Ser

Ala

Asn

205

Leu

Thr

Ala

Ala

Phe

285

Val

Arg

Val

Ala

Gln

365

Val

Lys

Leu

Cys

His

445

Pro

Arg

Gln

Ala

Asn

110

Leu

Ala

Leu

Phe

Ala

190

Asp

His

Cys

Thr

Thr

270

Leu

Gln

Met

Val

Gly

350

Gly

Asp

Gly

Val

Asn
430

Lys

Ile

Gln

Pro

Gly

95

Asp

Thr

Pro

Glu

Ser

175

Ser

Cys

Thr

Trp

Thr

255

Met

Val

Thr

Ala

Ala

335

Ala

Asn

Ala

Leu

Asn
415
Glu

Phe

Thr

Pro

Gly

80

Trp

Pro

Cys

Val

Asp

160

Ile

Leu

Pro

Pro

Thr

240

Ala

Cys

Gly

Cys

Trp

320

His

His

Trp

Thr

Thr

400

Thr

Ser

Asn

Ser
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Phe

465

Ser

Thr

Ser

Thr

Pro

545

Phe

Gly

Arg

Leu

Pro

625

Gly

Arg

Pro

705

Lys

Ala

Arg
785

Ser

Ser

Gly

Met

865

Lys

Glu

Val

Pro

Trp

530

Pro

Thr

Ser

Lys

Thr

610

Cys

Phe

Cys

Ser

Ala

690

Gln

Trp

Cys

Leu

Gly

770

Gly

Leu

Gly

Phe

Trp
850

Trp

Gln

Asp

Gln

Val

515

Gly

Asn

Lys

His

His

595

Pro

Thr

Glu

Asp

Thr

675

Leu

Tyr

Glu

Val

Glu

755

Ile

Lys

Ala

Glu

Phe
835

Trp

Val

Gly

Lys

Ala

500

Val

Gly

Gly

Thr

His

580

Pro

Arg

Val

His

Ile

660

Thr

Ser

Leu

Phe

Ala

740

Asn

Gly

Leu

Leu

Asp

820

Thr

Asn

Pro

Trp

Pro

485

Ser

Val

Asn

Gln

Cys

565

Asn

Glu

Cys

Asn

Arg

645

Glu

Glu

Thr

Tyr

Val

725

Leu

Leu

Trp

Val

Leu

805

Ser

Leu

Gln

Pro

Gly

470

Tyr

Ser

Gly

Lys

Trp

550

Gly

Asp

Ala

Met

Phe

630

Phe

Asp

Leu

Gly

Gly

710

Val

Trp

Val

Tyr

Pro

790

Val

Ala

Ser

Tyr

Leu
870

Ser

Cys

Val

Thr

Thr

535

Phe

Ala

Ser

Thr

Val

615

Ser

Thr

Arg

Ala

Leu

695

Val

Leu

Leu

Thr

Phe

775

Leu

Leu

Thr

Pro

Thr

855

Leu

Leu

Trp

Cys

Thr

520

Asp

Gly

Pro

Asp

Tyr

600

Asp

Leu

Ala

Asp

Ile

680

Ile

Gly

Val

Met

Leu

760

Val

Val

Leu

Leu

Trp
840

Ile

Ala

Thr

His

Gly

505

Asp

Val

Cys

Pro

Leu

585

Ser

Tyr

Phe

Ala

Arg

665

Leu

His

Ser

Phe

Leu

745

Asn

Ala

Thr

Leu

Gly

825

Tyr

Cys

Arg

Asp

Tyr

490

Pro

Ala

Phe

Thr

Cys

570

Ile

Arg

Pro

Lys

Cys

650

Ser

Pro

Leu

Gly

Leu

730

Met

Ala

Phe

Tyr

Pro

810

Ala

Lys

Arg

Gly

Ala

475

Ala

Val

Glu

Leu

Trp

555

Asn

Cys

Cys

Tyr

Val

635

Asn

Glu

Cys

His

Met

715

Leu

Ile

Ile

Cys

Ser

795

Gln

Gly

His

Cys

Ser
875

Asn

Pro

Tyr

Gly

Leu

540

Met

Ile

Pro

Gly

Arg

620

Arg

Trp

Gln

Ser

Gln

700

Val

Leu

Ser

Ala

Ala

780

Leu

Arg

Ile

Trp

Glu
860

Arg

Ile

Arg

Cys

Val

525

Lys

Asn

Tyr

Thr

Ala

605

Leu

Met

Thr

His

Phe

685

Asn

Gly

Ala

Gln

Ala

765

Ala

Thr

Ala

Leu

Ile

845

Ala

Asp

Thr

Pro

Phe

510

Pro

Ser

Ser

Gly

Asp

590

Gly

Trp

Phe

Arg

Pro

670

Thr

Ile

Trp

Asp

Ala

750

Ala

Trp

Gly

Tyr

Val
830
Gly

Ala

Gly

Gly

Cys

495

Thr

Thr

Leu

Thr

Gly

575

Cys

Pro

His

Val

Gly

655

Leu

Pro

Val

Ala

Ala

735

Glu

Gly

Tyr

Leu

Ala

815

Leu

Arg

Leu

Val

Ser

480

Thr

Pro

Tyr

Arg

Gly

560

Lys

Phe

Trp

Tyr

Gly

640

Glu

Leu

Met

Asp

Leu

720

Arg

Ala

Thr

Val

Trp

800

Trp

Phe

Leu

Gln

Ile
880
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-continued

Leu Leu Thr Ser Leu Leu Tyr Pro Ser Leu Ile Phe Asp Ile Thr Lys
885 890 895

Leu Leu Ile Ala Val Leu Gly Pro Leu Tyr Leu Ile Gln Ala Ala Ile
900 905 910

Thr Ala Thr Pro Tyr Phe Val Arg Ala His Val Leu Val Arg Leu Cys
915 920 925

Met Leu Val Arg Ser Val Met Gly Gly Lys Tyr Phe Gln Met Ile Ile
930 935 940

Leu Ser Ile Gly Arg Trp Phe Asn Thr Tyr Leu Tyr Asp His Leu Ala
945 950 955 960

Pro Met Gln Tyr Trp Ala Ala Ala Gly Leu Lys Asp Leu Ala Val Ala
965 970 975

Thr Glu Pro Val Ile Phe Ser Pro Met Glu Thr Lys Val Ile Thr Trp
980 985 990

Gly Ala Asp Thr Ala Ala Cys Gly Asp Ile Leu Cys Gly Leu Pro Val
995 1000 1005

Ser Ala Arg Leu Gly Arg Glu Val Leu Leu Gly Pro Ala Asp Asp
1010 1015 1020

Tyr Arg Glu Met Gly Trp Arg Leu Leu Ala Pro Ile Thr Ala Tyr
1025 1030 1035

Ala Gln Gln Thr Arg Gly Leu Leu Gly Thr Ile Val Thr Ser Leu
1040 1045 1050

Thr Gly Arg Asp Lys Asn Val Val Thr Gly Glu Val Gln Val Leu
1055 1060 1065

Ser Thr Ala Thr Gln Thr Phe Leu Gly Thr Thr Ile Gly Gly Val
1070 1075 1080

Met Trp Thr Val Tyr His Gly Ala Gly Ser Arg Thr Leu Ala Gly
1085 1090 1095

Ala Lys His Pro Ala Leu Gln Met Tyr Thr Asn Val Asp Gln Asp
1100 1105 1110

Leu Val Gly Trp Pro Ala Pro Pro Gly Ala Lys Ser Leu Glu Pro
1115 1120 1125

Cys Thr Cys Gly Ser Ala Asp Leu Tyr Leu Val Thr Arg Asp Ala
1130 1135 1140

Asp Val Ile Pro Ala Arg Arg Arg Gly Asp Ser Thr Ala Ser Leu
1145 1150 1155

Leu Ser Pro Arg Pro Leu Ala Cys Leu Lys Gly Ser Ser Gly Gly
1160 1165 1170

Pro Val Met Cys Pro Ser Gly His Val Thr Gly Ile Phe Arg Ala
1175 1180 1185

Ala Val Cys Thr Arg Gly Val Ala Lys Thr Leu Gln Phe Ile Pro
1190 1195 1200

Val Glu Thr Leu Ser Thr Gln Thr Arg Ser Pro Ser Phe Ser Asp
1205 1210 1215

Asn Ser Thr Pro Pro Ala Val Pro Gln Ser Tyr Gln Val Gly Tyr
1220 1225 1230

Leu His Ala Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Ala
1235 1240 1245

Ala Tyr Val Ala Gln Gly Tyr His Val Leu Val Leu Asn Pro Ser
1250 1255 1260

Val Ala Ala Thr Leu Gly Phe Gly Ser Tyr Met Ser Lys Ala Tyr
1265 1270 1275

Gly Ile Asp Pro Asn Val Arg Thr Gly Asn Arg Thr Val Thr Thr
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Gly

Gly

Cys

Leu

Thr

Glu

Lys

Phe

Arg

Asp

Asp

Pro

Ser

Ile

Asp

Tyr

Leu

Trp

Leu

Ala

Ser

Leu

Asn

Cys

Leu

1280

Ala
1295

Gly
1310
His
1325

Asp
1340

Ala
1355

Glu
1370

Ala
1385

Cys
1400

Gly
1415

Ser
1430

Ala
1445

Cys
1460

Thr
1475

Arg
1490

Tyr
1505

Ser
1520

Asp
1535

Ser
1550

Glu
1565

Ser
1580

Tyr
1595

Trp
1610
His
1625

Glu
1640

Met
1655

Gly
1670

Lys

Cys

Ala

Gln

Thr

Val

Ile

His

Met

Ile

Leu

Asn

Phe

Ser

Arg

Val

Leu

Thr

Ser

Gln

Gln

Asp

Gly

Thr

Ser

Gly

Leu

Ser

Gln

Ala

Pro

Ala

Pro

Ser

Gly

Ile

Met

Val

Ser

Gln

Tyr

Val

Gln

Pro

Val

Thr

Ala

Glu

Pro

Cys

Ala

Val

Thr

Gly

Asp

Glu

Pro

Leu

Ile

Lys

Leu

Pro

Thr

Thr

Ile

Arg

Val

Leu

Pro

Gly

Phe

Lys

Thr

Thr

Thr

Leu

Asp

Leu

Tyr

Gly

Ala

Thr

Gly

Gly

Ala

Lys

Asn

Thr

Gly

Val

Glu

Arg

Thr

Cys

Ala

Leu

Thr

Gln

Val

Trp

Pro

Thr

Leu

Ala

1285

Ser
1300

Ala
1315

Thr
1330

Ala
1345

Ser
1360

Ser
1375

Gln
1390

Lys
1405

Ala
1420

Ala
1435

Tyr
1450

Glu
1465

Thr
1480

Gly
1495

Pro
1510

Glu
1525

Glu
1540

Pro
1555

Gly
1570

Gln
1585

Cys
1600

Lys
1615

Leu
1630
His
1645

Glu
1660

Ala
1675

Thr

Tyr

Thr

Gly

Ile

Glu

Leu

Cys

Val

Gly

Thr

Gln

Arg

Gly

Cys

Thr

Val

Leu

Gly

Ala

Cys

Leu

Pro

Val

Leu

Tyr

Asp

Ile

Val

Thr

Gly

Lys

Asp

Ala

Asp

Gly

Tyr

Thr

Thr

Glu

Tyr

Thr

Cys

Thr

Leu

Arg

Leu

Tyr

Val

Thr

Ala

Gly

Val

Leu

Arg

Val

Glu

Gly

Glu

Phe

Val

Asp

Val

Ala

Gly

Arg

Asp

Val

Gln

His

Asn

Ala

Val

Arg

Thr

Thr

Ala

Lys

Ile

Gly

Leu

Pro

Ile

Gly

Ile

Tyr

Val

Phe

Asp

Pro

Arg

Pro

Ala

Arg

Asp

Ile

Phe

Gln

Arg

Leu

Lys

Ser

Tyr

1290

Phe
1305

Ile
1320

Ile
1335

Thr
1350
His
1365

Pro
1380

Arg
1395

Ala
1410

Arg
1425

Val
1440

Asp
1455

Phe
1470

Gln
1485

Gly
1500

Ser
1515

Gly
1530

Leu
1545
His
1560

Asp
1575

Pro
1590

Ala
1605

Leu
1620

Gly
1635

Tyr
1650

Ala
1665

Cys
1680

Leu

Cys

Gly

Val

Ser

Phe

His

Ser

Gly

Cys

Ser

Ser

Asp

Arg

Gly

Cys

Arg

Leu

Ala

Tyr

Pro

Lys

Pro

Ile

Trp

Leu

Ala

Asp

Thr

Leu

Asn

Tyr

Leu

Lys

Leu

Ala

Val

Leu

Ala

Leu

Met

Ser

Ala

Asp

His

Leu

Pro

Pro

Ile

Met

Val

Ser

Asp

Glu

Val

Ala

Ile

Gly

Ile

Leu

Asp

Thr

Ile

Asp

Val

Gly

Phe

Trp

Tyr

Phe

Phe

Thr

Pro

Thr

Gln

Ala

Leu

Val
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Gly

Ala

Met

Arg

Asn

Phe

Gly

Thr

Gly

Ala

Gly

Gly

Leu

Ser

Arg

Arg

Leu

Trp

Arg

Thr

Phe

Gly

Ala

Cys
1685

Leu
1700

Glu
1715

Ile
1730

Ala
1745

Trp
1760

Val
1775

Asn
1790

Ser
1805

Gly
1820

Phe
1835

Leu
1850

Val
1865

Pro
1880

Pro
1895

Arg
1910

Leu
1925

Tyr
1940

Ser
1955

Ile
1970

Thr
1985

Trp
2000

Leu
2015

Val
2030

Val
2045

Asn
2060

Val

Val

Glu

Ala

Thr

Gln

Ser

Pro

Pro

Trp

Val

Gly

Ser

Thr

Gly

His

Ile

Val

Ser

Asn

Ile

Leu

Ser

Met

Lys

Met

Val

Pro

Cys

His

Gln

Lys

Gly

Ala

Leu

Val

Val

Arg

Gly

Ala

Ala

Val

Ala

Pro

Leu

Glu

Trp

Ser

Cys

Ser

Asn

Trp

Ile

Asp

Ser

Gln

Gln

Leu

Ile

Val

Thr

Ala

Ser

Val

Ala

Glu

Leu

Gly

Phe

Glu

Thr

Asp

Asp

Ala

Gln

Thr

Gly

His

Val

Lys

Gln

Phe

Gln

Glu

Gln

Ala

Thr

Thr

Gly

Leu

Leu

Asp

Val

Pro

Ala

Ser

Val

Tyr

Trp

Lys

Lys

Arg

Ser

Gly

Gly
1690

Glu
1705

Ala
1720

Lys
1735

Ala
1750

Ala
1765

Tyr
1780

Ser
1795

Asn
1810
His
1825

Leu
1840

Ile
1855

Val
1870

Met
1885

Val
1900

Gly
1915

Ser
1930

Asp
1945

Thr
1960

Pro
1975

Val
1990

Ile
2005

Gly
2020

Cys
2035

Met
2050

Thr
2065

Val

Ala

Glu

Val

Phe

Leu

Leu

Gln

Leu

Ala

Asp

Ala

Val

Gly

Glu

Arg

Ala

Ser

Ser

Cys

Met

Tyr

Pro

Arg

Phe

Ile

Leu

Pro

Lys

Ile

Trp

Ala

Met

Thr

Ala

Gly

Ile

Phe

Asn

Val

Gly

Gly

Ala

Leu

Pro

Met

Pro

Lys

Cys

Leu

Pro

Glu

Tyr

Tyr

Val

Glu

His

Gly

Ala

Met

Gly

Ala

Leu

Lys

Met

Ile

Ala

Asn

Ala

Leu

Cys

Val

Ala

Gly

Gly

Ala

Ile

Leu

Gln

Ile

Leu

Pro

Lys

Leu

Phe

Phe

Pro

Ala

Ala

Ile

Leu

Cys

Val

His

Lys

Arg

Cys

Leu

Leu

Val

Ala

Gly

Asn

Gly
1695

Gln
1710

Glu
1725

Gly
1740

Ile
1755
His
1770

Ser
1785

Thr
1800

Phe
1815

Gln
1830

Ile
1845

Gly
1860

Met
1875

Pro
1890

Ala
1905

Gln
1920

Val
1935

Val
1950

Arg
1965

Gly
1980

Ser
1995

Pro
2010

Trp
2025

Thr
2040

Pro
2055

Glu
2070

Gly

Phe

Gln

Leu

Val

Met

Thr

Ala

Asn

Ser

Gly

Tyr

Gly

Ala

Ala

Trp

Ser

Thr

Leu

Asp

Asp

Gly

Arg

Ile

Arg

Tyr

Lys

Asp

Ala

Leu

Ala

Trp

Leu

Ser

Ile

Ser

Gly

Gly

Gly

Ile

Ile

Met

Pro

Ala

His

Trp

Phe

Leu

Gly

Thr

Thr

Thr

Pro

Glu

Gln

Gln

Thr

Asn

Pro

Val

Leu

Ser

Ile

Ala

Glu

Leu

Leu

Asn

Thr

Leu

Gln

Leu

Lys

Pro

Asp

Gly

Cys

Thr
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Gly

Leu

Asp

Pro

Asp

Ser

Ser

Arg

Ala

Tyr

Trp

Thr

Thr

Pro

Tyr

Pro

Pro

Ser

Pro

Asp

Gly

Gly

Tyr

Glu

Pro
2075

Arg
2090

Phe
2105

Cys
2120

Arg
2135

Glu
2150

Gln
2165

Met
2180

Arg
2195

Ser
2210

Gly
2225

Arg
2240

Lys
2255

Asp
2270

Pro
2285

Asn
2300

Pro
2315

Val
2330

Asn
2345

Ser
2360

Thr
2375

Glu
2390

Glu
2405

Ser
2420

Ser
2435

Lys
2450

Asn

Gly

Val

Gln

Leu

Ile

Leu

Leu

Leu

Gln

Pro

Gln

Val

Asp

Lys

Pro

Thr

Pro

Val

Ser

Gln

Ser

Pro

Asp

Trp

Leu

Leu

Thr

Ala

Tyr

Val

His

Thr

Pro

Arg

Ala

Leu

His

Glu

Val

Ala

Tyr

Pro

Val

Pro

Ser

Lys

Ser

Asp

Gly

Asn

Thr

Pro

Val

Pro

Ala

Ile

Pro

Arg

Phe

Cys

Asp

Arg

Ser

Leu

Met

Ile

Glu

Pro

Leu

His

Pro

Ala

Pro

Ser

Ser

Asp

Glu

Gly

Ile

Tyr

Cys

Asn

Thr

Ala

Tyr

Met

Glu

Pro

Gly

Ala

Asp

Gly

Leu

Leu

Pro

Leu

Gly

Arg

Ala

Gln

Thr

Glu

Pro

Glu

Ala

Ser

Ser

Pro
2080

Ser
2095

Gly
2110

Ala
2125

Ala
2140

Val
2155

Pro
2170

Ser
2185

Ser
2200

Pro
2215

Ala
2230

Ser
2245

Asp
2260

Ser
2275

Ala
2290

Asp
2305

Cys
2320

Arg
2335

Leu
2350

Glu
2365

Thr
2380

Ser
2395

Asp
2410

Gln
2425

Leu
2440

Pro
2455

Thr

Ala

Tyr

Ala

Glu

Pro

Gly

Glu

Pro

Ser

Glu

Thr

Ser

Val

Leu

Arg

Ala

Lys

Ala

Glu

Ser

Cys

Leu

Asn

Ile

Leu

Ser

Pro

Val

Thr

Phe

Pro

Leu

Pro

Ile

Pro

Leu

Leu

Ile

Phe

Ala

Pro

Trp

Leu

Arg

Ala

Asn

Lys

Ser

Ser

Val

Thr

Ser

Ser

Asn

Glu

Glu

Phe

Cys

Asn

Asp

Thr

Ser

Lys

Val

Thr

Glu

Ala

Ile

Lys

Pro

Thr

Leu

Ser

Val

Ser

Cys

Val

Pro

Asn

Arg

Tyr

Val

Asp

Thr

Lys

Ser

Val

Ala

Glu

Ala

Asp

Arg

Pro

Glu

Trp

Ala

Pro

Ile

Ala

Ser

Pro

Met

Asp

Cys

Cys

Ser

Ser

Thr
2085

Arg
2100

Glu
2115

Glu
2130

Pro
2145

Tyr
2160

Ser
2175

Glu
2190

Ala
2205

Thr
2220

Ala
2235

Val
2250

Leu
2265

Cys
2280

Ala
2295

Pro
2310

Arg
2325

Gln
2340

Glu
2355

Ser
2370

Pro
2385

Pro
2400

Ser
2415

Cys
2430

Ser
2445

Leu
2460

Ala

Arg Ala Leu

Arg

Leu

Val

Leu

Ala

Val

Ala

Ser

Cys

Asn

Glu

Arg

Phe

Arg

Asp

Gly

Leu

Lys

Ser

Pro

Pro

Trp

Ser

Ala

Leu

Ser

Val

Lys

Asp

Leu

Ile

Leu

Ala

Ser

Gln

Leu

Ser

Ala

Lys

Pro

Tyr

Ala

Asp

Ser

Gly

Pro

Leu

Ser

Met

Glu

Arg

Gln

Gly

Cys

Gly

Arg

Gly

Thr

Ala

Ser

Ser

Leu

Glu

Glu

Lys

Asp

Val

Pro

Gly

Phe

Val

Gly

Glu

Thr

Ser

Glu

His

Arg
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Gln

Tyr

Lys

Pro

Arg

Glu

Met

Arg

Ile

Gln

Pro

Thr

Asn

Arg

Cys

Phe

Arg

Asp

Ala

Pro

Thr

Arg

Arg

Leu

2465

Lys
2480

Lys
2495

Ala
2510
His
2525

Ser
2540

Asp
2555

Ala
2570

Lys
2585

Cys
2600

Ala
2615

Arg
2630

Leu
2645

Glu
2660

Leu
2675

Leu
2690

Gly
2705

Gly
2720

Ala
2735

Leu
2750

Ala
2765

Pro
2780

Ser
2795

Arg
2810

Ala
2825

Gly
2840

Met
2855

Lys

Thr

Arg

Ser

Leu

Leu

Lys

Pro

Glu

Thr

Val

Gly

Gln

Glu

Tyr

Tyr

Asn

Ala

Val

Leu

Gly

Cys

Tyr

Ala

Asn

Met

Val

Ala

Met

Ala

Ser

Leu

Asn

Ala

Lys

Met

Glu

Phe

Asp

Pro

Cys

Arg

Thr

Gly

Val

Arg

Asp

Ser

Tyr

Trp

Ile

Thr

Thr

Leu

Leu

Arg

Ser

Glu

Glu

Arg

Arg

Gly

Arg

Ser

Ile

Glu

Gly

Arg

Ile

Leu

Val

Ala

Ala

Ser

Tyr

Glu

Ile

His

Phe

Lys

Thr

Ser

Arg

Asp

Val

Leu

Ala

Pro

Leu

Tyr

Arg

Ala

Gly

Cys

Thr

Arg

Ala

Phe

Pro

Asn

Leu

Thr

Met

Phe

2470

Asp
2485

Glu
2500

Ile
2515

Lys
2530

Ala
2545

Thr
2560

Phe
2575

Ile
2590

Leu
2605

Ala
2620

Leu
2635

Asp
2650

Val
2665

Arg
2680

Pro
2695

Arg
2710

Cys
2725

Asn
2740

Glu
2755

Thr
2770

Gln
2785

Val
2800

Thr
2815

Ala
2830

Tyr
2845

Phe
2860

Arg

Val

Glu

Phe

Val

Thr

Cys

Val

Tyr

Tyr

Lys

Thr

Glu

Lys

Met

Ala

Tyr

Pro

Ser

Glu

Pro

Ser

Arg

Arg

Ala

Ser

Leu

Lys

Glu

Gly

Asn

Thr

Val

Tyr

Asp

Gly

Met

Arg

Glu

Val

Phe

Ser

Ile

Asp

Asp

Ala

Thr

Val

Asp

His

Pro

Ile

Gln

Glu

Ala

Tyr

Gln

Pro

Asp

Pro

Val

Phe

Trp

Cys

Glu

Ile

Asn

Gly

Lys

Phe

Gly

Met

Tyr

Ala

Ala

Thr

Thr

Leu

Val

Arg

Cys

Ser

Ile

Ile

Pro

Asp

Ile

Gln

Thr

Phe

Ile

Ser

Ser

Val

Ala

Leu

Val

Thr

Asp

His

Thr

Pro

Ile

Gln

2475

Leu
2490

Ala
2505

Lys
2520

Ala
2535

Arg
2550

Pro
2565

Val
2580

Leu
2595

Gln
2610

Tyr
2625

Ser
2640

Asp
2655

Tyr
2670

Ser
2685

Lys
2700

Leu
2715

Thr
2730

Val
2745

Asp
2760

Arg
2775

Leu
2790

Asp
2805

Thr
2820

Val
2835

Trp
2850

Ser
2865

Asp

Ser

Leu

Lys

Ser

Thr

Lys

Gly

Lys

Ser

Lys

Ser

Gln

Leu

Gly

Pro

Ala

Cys

Glu

Tyr

Glu

Asn

Pro

Asn

Val

Gln

Asp

Gly

Val

Asp

Val

Thr

Gly

Val

Leu

Pro

Arg

Thr

Cys

Thr

Ala

Thr

Ala

Gly

Asp

Ser

Leu

Lys

Leu

Ser

Arg

Glu

His

Val

Pro

Ala

Trp

Ile

Gly

Arg

Ser

Gln

Thr

Val

Cys

Glu

Gln

Ser

Ala

Asp

Arg

Ala

Ile

Gly

Ala

Trp

Met

Ile
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Leu Asp Arg Pro Leu Asp Phe Glu Met Tyr Gly Ala Thr Tyr Ser
2870 2875 2880

Val Thr Pro Leu Asp Leu Pro Ala Ile Ile Glu Arg Leu His Gly
2885 2890 2895

Leu Ser Ala Phe Thr Leu His Ser Tyr Ser Pro Val Glu Leu Asn
2900 2905 2910

Arg Val Ala Gly Thr Leu Arg Lys Leu Gly Cys Pro Pro Leu Arg
2915 2920 2925

Ala Trp Arg His Arg Ala Arg Ala Val Arg Ala Lys Leu Ile Ala
2930 2935 2940

Gln Gly Gly Lys Ala Lys Ile Cys Gly Leu Tyr Leu Phe Asn Trp
2945 2950 2955

Ala Val Arg Thr Lys Thr Lys Leu Thr Pro Leu Pro Ala Ala Ser
2960 2965 2970

Gln Leu Asp Leu Ser Asn Trp Phe Ser Val Gly Val Gly Gly Asn
2975 2980 2985

Asp Ile Tyr His Ser Val Ser His Ala Arg Thr Arg His Leu Leu
2990 2995 3000

Leu Cys Leu Leu Leu Leu Thr Val Gly Val Gly Ile Phe Leu Leu
3005 3010 3015

Pro Ala Arg
3020

<210> SEQ ID NO 15

<211> LENGTH: 1989

<212> TYPE: PRT

<213> ORGANISM: Hepatitis c¢ virus

<220> FEATURE:

<223> OTHER INFORMATION: amino acid sequence of the region from NS3
protein to NS5B protein in the precursor protein of wild-type
strain S310A

<400> SEQUENCE: 15

Ala Pro Ile Thr Ala Tyr Ala Gln Gln Thr Arg Gly Leu Leu Gly Thr
1 5 10 15

Ile Val Thr Ser Leu Thr Gly Arg Asp Lys Asn Val Val Thr Gly Glu
20 25 30

Val Gln Val Leu Ser Thr Ala Thr Gln Thr Phe Leu Gly Thr Thr Ile
35 40 45

Gly Gly Val Met Trp Thr Val Tyr His Gly Ala Gly Ser Arg Thr Leu
50 55 60

Ala Gly Ala Lys His Pro Ala Leu Gln Met Tyr Thr Asn Val Asp Gln
65 70 75 80

Asp Leu Val Gly Trp Pro Ala Pro Pro Gly Ala Lys Ser Leu Glu Pro
85 90 95

Cys Thr Cys Gly Ser Ala Asp Leu Tyr Leu Val Thr Arg Asp Ala Asp
100 105 110

Val Ile Pro Ala Arg Arg Arg Gly Asp Ser Thr Ala Ser Leu Leu Ser
115 120 125

Pro Arg Pro Leu Ala Cys Leu Lys Gly Ser Ser Gly Gly Pro Val Met
130 135 140

Cys Pro Ser Gly His Val Thr Gly Ile Phe Arg Ala Ala Val Cys Thr
145 150 155 160

Arg Gly Val Ala Lys Thr Leu Gln Phe Ile Pro Val Glu Thr Leu Ser
165 170 175
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Thr Gln Thr Arg Ser Pro Ser Phe Ser Asp Asn Ser Thr Pro Pro Ala
180 185 190

Val Pro Gln Ser Tyr Gln Val Gly Tyr Leu His Ala Pro Thr Gly Ser
195 200 205

Gly Lys Ser Thr Lys Val Pro Ala Ala Tyr Val Ala Gln Gly Tyr His
210 215 220

Val Leu Val Leu Asn Pro Ser Val Ala Ala Thr Leu Gly Phe Gly Ser
225 230 235 240

Tyr Met Ser Lys Ala Tyr Gly Ile Asp Pro Asn Val Arg Thr Gly Asn
245 250 255

Arg Thr Val Thr Thr Gly Ala Lys Leu Thr Tyr Ser Thr Tyr Gly Lys
260 265 270

Phe Leu Ala Asp Gly Gly Cys Ser Gly Gly Ala Tyr Asp Val Ile Ile
275 280 285

Cys Asp Glu Cys His Ala Gln Asp Ala Thr Thr Ile Leu Gly Ile Gly
290 295 300

Thr Val Leu Asp Gln Ala Glu Thr Ala Gly Val Arg Leu Thr Val Leu
305 310 315 320

Ala Thr Ala Thr Pro Pro Gly Ser Ile Thr Val Pro His Ser Asn Ile
325 330 335

Glu Glu Val Ala Leu Gly Ser Glu Gly Glu Ile Pro Phe Tyr Gly Lys
340 345 350

Ala Ile Pro Ile Ala Gln Leu Lys Gly Gly Arg His Leu Ile Phe Cys
355 360 365

His Ser Lys Lys Lys Cys Asp Glu Ile Ala Ser Lys Leu Arg Gly Met
370 375 380

Gly Leu Asn Ala Val Ala Phe Tyr Arg Gly Leu Asp Val Ser Ile Ile
385 390 395 400

Pro Thr Ala Gly Asp Val Val Val Cys Ala Thr Asp Ala Leu Met Thr
405 410 415

Gly Tyr Thr Gly Asp Phe Asp Ser Val Ile Asp Cys Asn Val Thr Val
420 425 430

Glu Gln Tyr Val Asp Phe Ser Leu Asp Pro Thr Phe Ser Ile Glu Thr
435 440 445

His Thr Ala Pro Gln Asp Ala Val Ser Arg Ser Gln Arg Arg Gly Arg
450 455 460

Thr Gly Arg Gly Arg Leu Gly Ile Tyr Arg Tyr Val Thr Pro Gly Glu
465 470 475 480

Arg Pro Ser Gly Met Phe Asp Ser Val Val Leu Cys Glu Cys Tyr Asp
485 490 495

Ala Gly Cys Ser Trp Tyr Asp Leu Gln Pro Ala Glu Thr Thr Val Arg
500 505 510

Leu Arg Ala Tyr Leu Ser Thr Pro Gly Leu Pro Val Cys Gln Asp His
515 520 525

Leu Asp Phe Trp Glu Ser Val Phe Thr Gly Leu Thr His Ile Asp Ala
530 535 540

His Phe Leu Ser Gln Thr Lys Gln Gln Gly Leu Asn Phe Pro Tyr Leu
545 550 555 560

Thr Ala Tyr Gln Ala Thr Val Cys Ala Arg Ala Gln Ala Pro Pro Pro
565 570 575

Ser Trp Asp Glu Thr Trp Lys Cys Leu Val Arg Leu Lys Pro Thr Leu
580 585 590

His Gly Pro Thr Pro Leu Leu Tyr Arg Leu Gly Pro Ile Gln Asn Glu
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595 600 605

Thr Cys Leu Thr His Pro Val Thr Lys Tyr Ile Met Ala Cys Met Ser
610 615 620

Ala Asp Leu Glu Val Thr Thr Ser Ala Trp Val Leu Leu Gly Gly Val
625 630 635 640

Leu Ala Ala Leu Ala Ala Tyr Cys Leu Ser Val Gly Cys Val Val Ile
645 650 655

Val Gly His Ile Glu Leu Gly Gly Lys Pro Ala Leu Val Pro Asp Lys
660 665 670

Glu Val Leu Tyr Gln Gln Phe Asp Glu Met Glu Glu Cys Ser Gln Ala
675 680 685

Ala Pro Tyr Ile Glu Gln Ala Gln Val Ile Ala His Gln Phe Lys Glu
690 695 700

Lys Val Leu Gly Leu Leu Gln Arg Ala Thr Gln Gln Gln Ala Val Ile
705 710 715 720

Glu Pro Ile Val Ala Thr Asn Trp Gln Lys Leu Glu Ala Phe Trp His
725 730 735

Lys His Met Trp Asn Phe Val Ser Gly Ile Gln Tyr Leu Ala Gly Leu
740 745 750

Ser Thr Leu Pro Gly Asn Pro Ala Val Ala Ser Leu Met Ala Phe Thr
755 760 765

Ala Ser Val Thr Ser Pro Leu Thr Thr Asn Gln Thr Met Phe Phe Asn
770 775 780

Ile Leu Gly Gly Trp Val Ala Thr His Leu Ala Gly Pro Gln Ser Ser
785 790 795 800

Ser Ala Phe Val Val Ser Gly Leu Ala Gly Ala Ala Ile Gly Gly Ile
805 810 815

Gly Leu Gly Arg Val Leu Ile Asp Ile Leu Ala Gly Tyr Gly Ala Gly
820 825 830

Val Ser Gly Ala Leu Val Ala Phe Lys Ile Met Gly Gly Glu Leu Pro
835 840 845

Thr Ala Glu Asp Met Val Asn Met Leu Pro Ala Ile Leu Ser Pro Gly
850 855 860

Ala Leu Val Val Gly Val Ile Cys Ala Ala Ile Leu Arg Arg His Val
865 870 875 880

Gly Pro Gly Glu Gly Ala Val Gln Trp Met Asn Arg Leu Ile Ala Phe
885 890 895

Ala Ser Arg Gly Asn His Val Ser Pro Thr His Tyr Val Pro Glu Ser
900 905 910

Asp Ala Ala Ala Lys Val Thr Ala Leu Leu Ser Ser Leu Thr Val Thr
915 920 925

Ser Leu Leu Arg Arg Leu His Gln Trp Ile Asn Glu Asp Tyr Pro Ser
930 935 940

Pro Cys Cys Gly Asp Trp Leu Arg Thr Ile Trp Asp Trp Val Cys Met
945 950 955 960

Val Leu Ser Asp Phe Lys Thr Trp Leu Ser Ala Lys Ile Met Pro Ala
965 970 975

Leu Pro Gly Leu Pro Phe Leu Ser Cys Gln Lys Gly Tyr Lys Gly Val
980 985 990

Trp Arg Gly Asp Gly Val Met Ser Thr Arg Cys Pro Cys Gly Ala Thr
995 1000 1005

Ile Thr Gly His Val Lys Asn Gly Ser Met Arg Leu Ala Gly Pro
1010 1015 1020
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Arg

Tyr

Arg

Arg

Leu

Leu

Ala

Ala

Ser

Cys

Asn

Glu

Arg

Phe

Arg

Asp

Gly

Leu

Lys

Ser

Pro

Pro

Trp

Ser

Thr
1025

Thr
1040

Ala
1055

Val
1070

Lys
1085

Asp
1100

Leu
1115

Ile
1130

Leu
1145

Ala
1160

Ser
1175

Gln
1190

Leu
1205

Ser
1220

Ala
1235

Lys
1250

Pro
1265

Tyr
1280

Ala
1295

Asp
1310

Ser
1325

Gly
1340

Pro
1355

Leu
1370

Ser
1385

Met
1400

Cys

Thr

Leu

Gly

Cys

Gly

Arg

Gly

Thr

Ala

Ser

Ser

Leu

Glu

Glu

Lys

Asp

Val

Pro

Gly

Phe

Val

Gly

Glu

Thr

Ser

Ala

Gly

Leu

Asp

Pro

Val

Asp

Ser

Ser

Arg

Ala

Tyr

Trp

Thr

Thr

Pro

Tyr

Pro

Pro

Ser

Pro

Asp

Gly

Gly

Val

Tyr

Asn

Pro

Arg

Phe

Cys

Arg

Glu

Gln

Met

Arg

Ser

Gly

Arg

Lys

Asp

Pro

Asn

Pro

Val

Asn

Ser

Thr

Glu

Glu

Ser

Ser

Met

Gly

Val

His

Gln

Leu

Ile

Leu

Leu

Leu

Gln

Pro

Gln

Val

Asp

Lys

Pro

Thr

Pro

Val

Ser

Gln

Ser

Pro

Asp

Trp

Trp
1030

Thr
1045

Ala
1060

Tyr
1075

Val
1090
His
1105

Thr
1120

Pro
1135

Arg
1150

Ala
1165

Leu
1180
His
1195

Glu
1210

Val
1225

Ala
1240

Tyr
1255

Pro
1270

Val
1285

Pro
1300

Ser
1315

Lys
1330

Ser
1345

Asp
1360

Gly
1375

Asn
1390

Thr
1405

Pro

Ala

Ile

Pro

Arg

Phe

Cys

Asp

Arg

Ser

Leu

Met

Ile

Glu

Pro

Leu

His

Pro

Ala

Pro

Ser

Ser

Asp

Glu

Gly

Gly

Cys

Asn

Thr

Ala

Tyr

Met

Glu

Pro

Gly

Ala

Asp

Gly

Leu

Leu

Pro

Leu

Gly

Arg

Ala

Gln

Thr

Glu

Pro

Glu

Ala

Thr

Pro

Ser

Gly

Ala

Ala

Val

Pro

Ser

Ser

Pro

Ala

Ser

Asp

Ser

Ala

Asp

Cys

Arg

Leu

Glu

Thr

Ser

Asp

Gln

Leu

Phe

Ala

Tyr

Ala

Glu

Pro

Gly

Glu

His

Pro

Ser

Glu

Thr

Ser

Val

Leu

Arg

Ala

Lys

Ala

Glu

Ser

Cys

Leu

Asn

Ile

Pro
1035

Pro
1050

Val
1065

Thr
1080

Phe
1095

Pro
1110

Leu
1125

Pro
1140

Ile
1155

Pro
1170

Leu
1185

Leu
1200

Ile
1215

Phe
1230

Ala
1245

Pro
1260

Trp
1275

Leu
1290

Arg
1305

Ala
1320

Asn
1335

Lys
1350

Ser
1365

Ser
1380

Val
1395

Thr
1410

Ile

Glu

Glu

Phe

Cys

Asn

Asp

Thr

Ser

Lys

Val

Thr

Glu

Ala

Ile

Lys

Pro

Thr

Leu

Ser

Val

Ser

Cys

Val

Pro

Asn

Tyr

Val

Asp

Thr

Lys

Ser

Val

Ala

Glu

Ala

Asp

Arg

Pro

Glu

Trp

Ala

Pro

Ile

Ala

Ser

Pro

Met

Asp

Cys

Cys

Glu

Thr

Arg

Glu

Glu

Pro

Tyr

Ser

Glu

Ala

Thr

Ala

Val

Leu

Cys

Ala

Pro

Arg

Gln

Glu

Ser

Pro

Pro

Ser

Cys

Ser
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Ala

Leu

Ser

Asp

Ser

Leu

Lys

Ser

Thr

Lys

Gly

Lys

Ser

Lys

Ser

Gln

Leu

Gly

Pro

Ala

Cys

Glu

Tyr

Glu

Asn

Pro

Asn

Glu
1415

Arg
1430

Gln
1445

Asp
1460

Gly
1475

Val
1490

Asp
1505

Val
1520

Thr
1535

Gly
1550

Val
1565

Leu
1580

Pro
1595

Arg
1610

Thr
1625

Cys
1640

Thr
1655

Ala
1670

Thr
1685

Ala
1700

Gly
1715

Asp
1730

Ser
1745

Leu
1760

Lys
1775

Leu
1790

Ser

Glu

His

Arg

His

Val

Pro

Ala

Trp

Ile

Gly

Arg

Ser

Gln

Thr

Val

Cys

Glu

Gln

Ser

Ala

Asp

Arg

Ala

Ile

Gly

Ala

Trp

Glu

His

Gln

Tyr

Lys

Pro

Arg

Glu

Met

Arg

Val

Ile

Gln

Pro

Thr

Asn

Arg

Cys

Phe

Arg

Asp

Ala

Pro

Thr

Arg

Arg

Leu

Lys

Asn

Lys

Lys

Ala

His

Ser

Asp

Ala

Lys

Cys

Ala

Arg

Leu

Glu

Leu

Leu

Gly

Gly

Ala

Leu

Ala

Pro

Ser

Arg

Ala

Gly

Leu

Leu

Lys

Thr

Arg

Ser

Leu

Leu

Lys

Pro

Glu

Thr

Val

Gly

Gln

Glu

Tyr

Tyr

Asn

Ala

Val

Leu

Gly

Cys

Tyr

Ala

Asn

Pro
1420

Val
1435

Val
1450

Ala
1465

Met
1480

Ala
1495

Ser
1510

Leu
1525

Asn
1540

Ala
1555

Lys
1570

Met
1585

Glu
1600

Phe
1615

Asp
1630

Pro
1645

Cys
1660

Arg
1675

Thr
1690

Gly
1705

Val
1720

Arg
1735

Asp
1750

Ser
1765

Tyr
1780

Trp
1795

Ile

Ile

Tyr

Thr

Leu

Leu

Arg

Ser

Glu

Glu

Arg

Arg

Gly

Arg

Ser

Ile

Glu

Gly

Arg

Ile

Leu

Val

Ala

Ala

Ser

Tyr

Glu

Ile

Ser

Ser

Phe

Lys

Thr

Ser

Arg

Asp

Val

Leu

Ala

Pro

Leu

Tyr

Arg

Ala

Gly

Cys

Thr

Arg

Ala

Phe

Pro

Asn

Leu

Thr

Met

Pro

Thr

Asp

Glu

Ile

Lys

Ala

Thr

Phe

Ile

Leu

Ala

Leu

Asp

Val

Arg

Pro

Arg

Cys

Asn

Glu

Thr

Gln

Val

Thr

Ala

Tyr

Leu

Ser

Arg

Val

Glu

Phe

Val

Thr

Cys

Val

Tyr

Tyr

Lys

Thr

Glu

Lys

Met

Ala

Tyr

Pro

Ser

Glu

Pro

Ser

Arg

Arg

Ala

Ser
1425

Ser
1440

Leu
1455

Lys
1470

Glu
1485

Gly
1500

Asn
1515

Thr
1530

Val
1545

Tyr
1560

Asp
1575

Gly
1590

Met
1605

Arg
1620

Glu
1635

Val
1650

Phe
1665

Ser
1680

Ile
1695

Asp
1710

Asp
1725

Ala
1740

Thr
1755

Val
1770

Asp
1785

His
1800

Pro

Asn Ser Leu

Arg

Gln

Glu

Ala

Tyr

Gln

Pro

Asp

Pro

Val

Phe

Trp

Cys

Glu

Ile

Asn

Gly

Lys

Phe

Gly

Met

Tyr

Ala

Ala

Thr

Thr

Ser

Val

Arg

Cys

Ser

Ile

Ile

Pro

Asp

Ile

Gln

Thr

Phe

Ile

Ser

Ser

Val

Ala

Leu

Val

Thr

Asp

His

Thr

Pro

Ile

Ala

Leu

Ala

Lys

Ala

Arg

Pro

Val

Leu

Gln

Tyr

Ser

Asp

Tyr

Ser

Lys

Leu

Thr

Val

Asp

Arg

Leu

Asp

Thr

Val

Trp
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1805

Val Arg Met Val Met

1820

Gln Glu 1Ile Leu Asp

1835

Thr Tyr Ser Val Thr

1850

Leu His Gly Leu Ser

1865

Glu Leu Asn Arg Val

1880

Pro Leu Arg Ala Trp

1895

Leu Ile Ala Gln Gly

1910

Phe Asn Trp Ala Val

1925

Ala Ala Ser Gln Leu

1940

Gly Gly Asn Asp Ile

1955

His Leu Leu Leu Cys

1970

Phe Leu Leu Pro Ala

1985

<210> SEQ ID NO 16
<211> LENGTH: 7995

<212> TYPE:

DNA

1810

Met Thr His
1825

Arg Pro Leu
1840

Pro Leu Asp
1855

Ala Phe Thr
1870

Ala Gly Thr
1885

Arg His Arg
1900

Gly Lys Ala
1915

Arg Thr Lys
1930

Asp Leu Ser
1945

Tyr His Ser
1960

Leu Leu Leu
1975

Arg

<213> ORGANISM: Hepatitis c¢ virus
<220> FEATURE:

<223> OTHER INFORMATION:

wild-type strain S310A

<400> SEQUENCE: 16

gacctgecte

cttcacgegy

cceecteceyg

gtgaccgggt

cgagatcact

tgcttgegag

ccaaagaaaa

cgcaggttet

aatcggetge

tgtcaagacc

gtggetggee

aagggactgg

tcctgecgag

ggctacctge

ggaagccggt

ttacgaggceg

aaagcgecta

ggagagccat

cctttettygy

agccgagtag

tgccceggga

accaaaagaa

ceggeagett

tctgatgecyg

gacctgtecyg

acgacgggcyg

ctgctattgg

aaagtatcca

ccattegace

cttgtegate

acactccacc

geccatggegt

agtggtctge

aacaacccgce

tgttgggtcg

ggtctegtag

acaccatceg

gggtggagag

cegtgttecyg

gtgccctgaa

ttcettgege

gcgaagtgee

tcatggctga

accaagcgaa

aggatgatct

1815

Phe Phe Ser Ile Leu

1830

Asp Phe Glu Met Tyr

1845

Leu Pro Ala Ile Ile

1860

Leu His Ser Tyr Ser

1875

Leu Arg Lys Leu Gly

1890

Ala Arg Ala Val Arg

1905

Lys Ile Cys Gly Leu

1920

Thr Lys Leu Thr Pro

1935

Asn Trp Phe Ser Val

1950

Val Ser His Ala Arg

1965

Leu Thr Val Gly Val

atggatcact

tagtacgagt

ggaaccggtg

tcaataccca

cgaaaggect

accgtgcaac

tcgeccaatg

getattegge

getgtceageyg

tgaactgcag

agctgtgete

ggggcaggat

tgcaatgcgyg

acatcgcatce

ggacgaagag

1980

ccectgtgag

gtegtgecage

agtacaccgg

gaaatttggg

tgtggtactyg

atgagcacac

attgaacaag

tatgactggyg

caggggcgcc

gacgaggcag

gacgttgtca

ctcctgteat

cggetgeata

gagcgagcac

catcagggge

Gln Ser

Gly Ala

Glu Arg

Pro Val

Cys Pro

Ala Lys

Tyr Leu

Leu Pro

Gly Val

Thr Arg

Gly Ile

gaacttctgt
ctccaggace
aatcgetggyg
cgtgeececey
cctgataggyg
ttcctaaace
atggattgca
cacaacagac
cggttetttt
cgeggetate
ctgaagcggyg
ctcaccttge
cgcttgatee
gtactcggat

tegegecage

cDNA sequence of HCV subgenomic replicon RNA of

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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cgaactgtte gccaggcectca aggcgegeat geccgacgge gaggatcteg tcegtgaccca 960
tggcgatgcce tgcttgccga atatcatggt ggaaaatgge cgcttttctg gattcatcga 1020
ctgtggcecgg ctgggtgtgg cggaccgcta tcaggacata gcgttggcta cccgtgatat 1080
tgctgaagag cttggcggceg aatgggctga ccgcecttecte gtgctttacg gtatcgeccgce 1140
tcecgatteg cagcgcateg ccecttcectatcg ccttettgac gagttcecttet gagtttaaac 1200
cctecteecte ceccceccect aacgttactg gccgaagecg cttggaataa ggccggtgtg 1260
cgtttgtcta tatgttattt tccaccatat tgcecgtettt tggcaatgtg agggcccgga 1320
aacctggccce tgtcttcecttg acgagcattce ctaggggtcet ttceccecctcte gecaaaggaa 1380
tgcaaggtct gttgaatgtc gtgaaggaag cagttcctcect ggaagcecttcet tgaagacaaa 1440
caacgtcectgt agcgacccectt tgcaggcagce ggaaccccecce acctggcgac aggtgcctcet 1500
geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 1560
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 1620
ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 1680
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 1740
acgtggtttt cctttgaaaa acacgatgat accatggccc cgatcactgce ttacgcccag 1800
caaaccaggg gccttcttgg gactattgtg accagcttga ctggcaggga taagaatgtg 1860
gtgaccggceg aagtgcaggt gctttctacg gctacccaga ccttectagg tacaacaata 1920
gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tccgcactgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300



99

US 9,453,056 B2

100

-continued
actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat taccgctgag gcagcagcegce gcecgecttge gegtgggtcece 5280
cctccatcag aggcaagctce atccgccage caactgtegg ctceccecgtegtt gaaggccact 5340
tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
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gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctc gacgaccact acaaaactgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720
aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780
ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840
aacacaatca cttgttacat caaggccaca geggctgcaa gggecgceggyg tctecggaac 6900
ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960
gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020
ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080
tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140
ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200
aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260
tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320
acttactctg tcactccget ggatttacca gcaatcattg aaagactcca tggtctaagce 7380
gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440
aagcttgggt gccccccect acgagettgg agacatcggg cacgagcagt gcegegetaag 7500
cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560
cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620
tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680
catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740
cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800
tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860
ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920
cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980
ctctgcagat catgt 7995
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<210> SEQ ID NO 17
<211> LENGTH: 7995

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide
<220> FEATURE:

<223> OTHER INFORMATION:

subgenomic replicon RNA

<400> SEQUENCE: 17

gacctgecte

cttcacgegy

cceecteceyg

gtgaccgggt

cgagatcact

tgcttgegag

ccaaagaaaa

cgcaggttet

aatcggetge

tgtcaagacc

gtggetggee

aagggactgg

tcctgecgag

ggctacctge

ggaagccggt

cgaactgtte

tggcgatgec

ctgtggccgg

tgctgaagag

tcecegatteg

cctetececte

cgtttgtcta

aacctggecc

tgcaaggtct

caacgtctgt

geggccaaaa

ttgtgagttyg

ggctgaagga

catgctttac

acgtggtttt

caaaccaggg

gtgaccggeg

ttacgaggceg

aaagcgecta

ggagagccat

cctttettygy

agccgagtag

tgccceggga

accaaaagaa

ceggeagett

tctgatgecyg

gacctgtecyg

acgacgggcyg

ctgctattgg

aaagtatcca

ccattegace

cttgtegate

gccaggcetcea

tgcttgecga

ctgggtgtgg

cttggcggcg

cagcgcateg

cececeeccecect

tatgttattt

tgtcttetty

gttgaatgte

agcgaccctt

gccacgtgta

gatagttgtyg

tgcccagaag

atgtgtttag

cctttgaaaa

gecttettygy

aagtgcaggt

acactccacc

geccatggegt

agtggtctge

aacaacccgce

tgttgggtcg

ggtctegtag

acaccatceg

gggtggagag

cegtgttecyg

gtgccctgaa

ttcettgege

gcgaagtgee

tcatggctga

accaagcgaa

aggatgatct

aggcgegeat

atatcatggt

cggaccgeta

aatgggctga

ccttetateg

aacgttactg

tccaccatat

acgagcattce

gtgaaggaag

tgcaggcage

taagatacac

gaaagagtca

gtaccccatt

tcgaggttaa

acacgatgat

gactattgtyg

getttetacy

atggatcact

tagtacgagt

ggaaccggtg

tcaataccca

cgaaaggect

accgtgcaac

tcgeccaatg

getattegge

getgtceageyg

tgaactgcag

agctgtgete

ggggcaggat

tgcaatgcgyg

acatcgcatce

ggacgaagag

gecegacgge

ggaaaatggce

tcaggacata

cecgettecte

ccttettgac

gecgaagecyg

tgcegtettt

ctaggggtct

cagttectet

ggaaccccce

ctgcaaagge

aatggctcete

gtatgggatc

aaaaacgtct

accatggecc

accagcttga

gctacccaga

ccectgtgag

gtegtgecage

agtacaccgg

gaaatttggg

tgtggtactyg

atgagcacac

attgaacaag

tatgactggyg

caggggcgcc

gacgaggcag

gacgttgtca

ctcctgteat

cggetgeata

gagcgagcac

catcagggge

gaggatcteg

cgettttetyg

gegttggeta

gtgctttacg

gagttettet

cttggaataa

tggcaatgty

ttccectete

ggaagcttet

acctggcgac

ggcacaacce

ctcaagcgta

tgatctgggg

aggccececg

cgatcactge

ctggcaggga

ccttectagy

cDNA sequence of mutant S310A T1286I HCV

gaacttctgt

ctccaggace

aatcgetggyg

cgtgeececey

cctgataggyg

ttcctaaace

atggattgca

cacaacagac

cggttetttt

cgeggetate

ctgaagcggg

ctcaccttge

cgcttgatee

gtactcggat

tegegecage

tcgtgaccca

gattcatcga

ccegtgatat

gtatcgecege

gagtttaaac

ggccggtgtyg

agggcccgga

gccaaaggaa

tgaagacaaa

aggtgectet

cagtgccacyg

ttcaacaagg

ccteggtgea

aaccacgggyg

ttacgcccag

taagaatgtyg

tacaacaata

Synthetic

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tceccgcattgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300
actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
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actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat taccgctgag gcagcagcegce gcecgecttge gegtgggtcece 5280
cctccatcag aggcaagctce atccgccage caactgtegg ctceccecgtegtt gaaggccact 5340
tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctc gacgaccact acaaaactgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
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caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720

aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780

ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840

aacacaatca cttgttacat caaggccaca geggetgcaa gggecgeggg tcetcecggaac 6900

ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960

gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020

ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080

tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140

ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200

aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260

tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320

acttactctg tcactccget ggatttacca gcaatcattg aaagactcca tggtctaagce 7380

gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440

aagcttgggt gecceccect acgagettgg agacateggg cacgagcagt gegegctaag 7500

cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560

cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620

tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680

catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740

cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800

tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860

ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920

cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980

ctctgcagat catgt 7995

<210> SEQ ID NO 18

<211> LENGTH: 7995

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<223> OTHER INFORMATION: cDNA sequence of mutant S310A R2198H HCV
subgenomic replicon RNA

<400> SEQUENCE: 18

gacctgecte ttacgaggeg acactccacce atggatcact ceectgtgag gaacttetgt 60

cttcacgegg aaagcgecta gecatggegt tagtacgagt gtegtgcage ctccaggace 120

cceecteceg ggagagecat agtggtetge ggaaccggtyg agtacaccgyg aatcgetggg 180

gtgaccgggt cctttettgg aacaacccge tcaataccca gaaatttggg cgtgcccecg 240

cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300

tgcttgcgag tgcceccggga ggtctegtag accgtgcaac atgagcacac ttcctaaacce 360

ccaaagaaaa accaaaagaa acaccatccg tcgeccaatyg attgaacaag atggattgca 420

cgcaggttet ccggecgett gggtggagag getattegge tatgactggyg cacaacagac 480

aatcggetge tctgatgecg cegtgtteeg getgtcageg caggggcegece cggttetttt 540

tgtcaagace gacctgteceg gtgecctgaa tgaactgcag gacgaggcag cgeggcetate 600
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gtggcetggee acgacgggeg ttcecttgege agetgtgete gacgttgtca ctgaageggyg 660
aagggactgg ctgctattgg gcgaagtgece ggggcaggat ctectgtcat ctcaccttge 720
tcctgecgag aaagtatcca tcatggetga tgcaatgegyg cggctgcata cgcettgatce 780
ggctacctyge ccattcgace accaagcgaa acatcgcatce gagcgagcac gtactcggat 840
ggaagceggt cttgtcgate aggatgatct ggacgaagag catcaggggce tcegegccage 900
cgaactgtte gccaggcectca aggcgegeat geccgacgge gaggatcteg tcegtgaccca 960
tggcgatgcce tgcttgccga atatcatggt ggaaaatgge cgcttttctg gattcatcga 1020
ctgtggcecgg ctgggtgtgg cggaccgcta tcaggacata gcgttggcta cccgtgatat 1080
tgctgaagag cttggcggceg aatgggctga ccgcecttecte gtgctttacg gtatcgeccgce 1140
tcecgatteg cagcgcateg ccecttcectatcg ccttettgac gagttcecttet gagtttaaac 1200
cctecteecte ceccceccect aacgttactg gccgaagecg cttggaataa ggccggtgtg 1260
cgtttgtcta tatgttattt tccaccatat tgcecgtettt tggcaatgtg agggcccgga 1320
aacctggccce tgtcttcecttg acgagcattce ctaggggtcet ttceccecctcte gecaaaggaa 1380
tgcaaggtct gttgaatgtc gtgaaggaag cagttcctcect ggaagcecttcet tgaagacaaa 1440
caacgtcectgt agcgacccectt tgcaggcagce ggaaccccecce acctggcgac aggtgcctcet 1500
geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 1560
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 1620
ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 1680
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 1740
acgtggtttt cctttgaaaa acacgatgat accatggccc cgatcactgce ttacgcccag 1800
caaaccaggg gccttcttgg gactattgtg accagcttga ctggcaggga taagaatgtg 1860
gtgaccggceg aagtgcaggt gctttctacg gctacccaga ccttectagg tacaacaata 1920
gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tccgcactgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
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gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300
actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat taccgctgag gcagcagcegce gccgecttge gcatgggtcece 5280
cctccatcag aggcaagctce atccgccage caactgtegg ctceccecgtegtt gaaggccact 5340
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tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctc gacgaccact acaaaactgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720
aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780
ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840
aacacaatca cttgttacat caaggccaca geggctgcaa gggecgceggyg tctecggaac 6900
ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960
gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020
ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080
tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140
ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200
aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260
tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320
acttactctg tcactccget ggatttacca gcaatcattg aaagactcca tggtctaagce 7380
gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440
aagcttgggt gccccccect acgagettgg agacatcggg cacgagcagt gcegegetaag 7500
cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560
cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620
tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680
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catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740
cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800
tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860
ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920
cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980
ctctgcagat catgt 7995
<210> SEQ ID NO 19
<211> LENGTH: 7995
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide
<220> FEATURE:
<223> OTHER INFORMATION: cDNA sequence of mutant S310A R2895K HCV
subgenomic replicon RNA
<400> SEQUENCE: 19
gacctgecte ttacgaggeg acactccacce atggatcact ceectgtgag gaacttetgt 60
cttcacgegg aaagcgecta gecatggegt tagtacgagt gtegtgcage ctccaggace 120
cceecteceg ggagagecat agtggtetge ggaaccggtyg agtacaccgyg aatcgetggg 180
gtgaccgggt cctttettgg aacaacccge tcaataccca gaaatttggg cgtgcccecg 240
cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300
tgcttgcgag tgcceccggga ggtctegtag accgtgcaac atgagcacac ttcctaaacce 360
ccaaagaaaa accaaaagaa acaccatccg tcgeccaatyg attgaacaag atggattgca 420
cgcaggttet ccggecgett gggtggagag getattegge tatgactggyg cacaacagac 480
aatcggetge tctgatgecg cegtgtteeg getgtcageg caggggcegece cggttetttt 540
tgtcaagacc gacctgtcceg gtgccctgaa tgaactgcag gacgaggcag cgcggetate 600
gtggcetggee acgacgggeg ttcecttgege agetgtgete gacgttgtca ctgaageggyg 660
aagggactgg ctgctattgg gcgaagtgece ggggcaggat ctectgtcat ctcaccttge 720
tcctgecgag aaagtatcca tcatggetga tgcaatgegyg cggctgcata cgcettgatce 780
ggctacctyge ccattcgace accaagcgaa acatcgcatce gagcgagcac gtactcggat 840
ggaagceggt cttgtcgate aggatgatct ggacgaagag catcaggggce tcegegccage 900
cgaactgtte gccaggcectca aggcgegeat geccgacgge gaggatcteg tcegtgaccca 960
tggcgatgcce tgcttgccga atatcatggt ggaaaatgge cgcttttctg gattcatcga 1020
ctgtggcecgg ctgggtgtgg cggaccgcta tcaggacata gcgttggcta cccgtgatat 1080
tgctgaagag cttggcggceg aatgggctga ccgcecttecte gtgctttacg gtatcgeccgce 1140
tcecgatteg cagcgcateg ccecttcectatcg ccttettgac gagttcecttet gagtttaaac 1200
cctecteecte ceccceccect aacgttactg gccgaagecg cttggaataa ggccggtgtg 1260
cgtttgtcta tatgttattt tccaccatat tgcecgtettt tggcaatgtg agggcccgga 1320
aacctggccce tgtcttcecttg acgagcattce ctaggggtcet ttceccecctcte gecaaaggaa 1380
tgcaaggtct gttgaatgtc gtgaaggaag cagttcctcect ggaagcecttcet tgaagacaaa 1440
caacgtcectgt agcgacccectt tgcaggcagce ggaaccccecce acctggcgac aggtgcctcet 1500
geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 1560
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 1620
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ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 1680
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 1740
acgtggtttt cctttgaaaa acacgatgat accatggccc cgatcactgce ttacgcccag 1800
caaaccaggg gccttcttgg gactattgtg accagcttga ctggcaggga taagaatgtg 1860
gtgaccggceg aagtgcaggt gctttctacg gctacccaga ccttectagg tacaacaata 1920
gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tccgcactgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300
actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
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caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat taccgctgag gcagcagcegce gcecgecttge gegtgggtcece 5280
cctccatcag aggcaagctce atccgccage caactgtegg ctceccecgtegtt gaaggccact 5340
tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctc gacgaccact acaaaactgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360



123

US 9,453,056 B2

124

-continued
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720
aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780
ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840
aacacaatca cttgttacat caaggccaca geggctgcaa gggecgceggyg tctecggaac 6900
ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960
gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020
ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080
tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140
ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200
aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260
tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320
acttactctg tcactccget ggatttacca gcaatcattg aaaaactcca tggtctaagce 7380
gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440
aagcttgggt gccccccect acgagettgg agacatcggg cacgagcagt gcegegetaag 7500
cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560
cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620
tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680
catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740
cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800
tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860
ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920
cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980
ctctgcagat catgt 7995
<210> SEQ ID NO 20
<211> LENGTH: 7995
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<220> FEATURE:

<223> OTHER INFORMATION:

subgenomic replicon RNA

<400> SEQUENCE: 20

gacctgecte

cttcacgegy

cceecteceyg

gtgaccgggt

ttacgaggceg

aaagcgecta

ggagagccat

cctttettygy

acactccacc

geccatggegt

agtggtctge

aacaacccgce

atggatcact

tagtacgagt

ggaaccggtg

tcaataccca

cDNA sequence of mutant S310A

ccectgtgag

gtegtgecage

agtacaccgg

gaaatttggg

T24961/R2895K HCV

gaacttctgt

ctccaggace

aatcgetggyg

cgtgeececey

60

120

180

240
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cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300
tgcttgcgag tgcceccggga ggtctegtag accgtgcaac atgagcacac ttcctaaacce 360
ccaaagaaaa accaaaagaa acaccatccg tcgeccaatyg attgaacaag atggattgca 420
cgcaggttet ccggecgett gggtggagag getattegge tatgactggyg cacaacagac 480
aatcggetge tctgatgecg cegtgtteeg getgtcageg caggggcegece cggttetttt 540
tgtcaagacc gacctgtcceg gtgccctgaa tgaactgcag gacgaggcag cgcggetate 600
gtggcetggee acgacgggeg ttcecttgege agetgtgete gacgttgtca ctgaageggyg 660
aagggactgg ctgctattgg gcgaagtgece ggggcaggat ctectgtcat ctcaccttge 720
tcctgecgag aaagtatcca tcatggetga tgcaatgegyg cggctgcata cgcettgatce 780
ggctacctyge ccattcgace accaagcgaa acatcgcatce gagcgagcac gtactcggat 840
ggaagceggt cttgtcgate aggatgatct ggacgaagag catcaggggce tcegegccage 900
cgaactgtte gccaggcectca aggcgegeat geccgacgge gaggatcteg tcegtgaccca 960
tggcgatgcce tgcttgccga atatcatggt ggaaaatgge cgcttttctg gattcatcga 1020
ctgtggcecgg ctgggtgtgg cggaccgcta tcaggacata gcgttggcta cccgtgatat 1080
tgctgaagag cttggcggceg aatgggctga ccgcecttecte gtgctttacg gtatcgeccgce 1140
tcecgatteg cagcgcateg ccecttcectatcg ccttettgac gagttcecttet gagtttaaac 1200
cctecteecte ceccceccect aacgttactg gccgaagecg cttggaataa ggccggtgtg 1260
cgtttgtcta tatgttattt tccaccatat tgcecgtettt tggcaatgtg agggcccgga 1320
aacctggccce tgtcttcecttg acgagcattce ctaggggtcet ttceccecctcte gecaaaggaa 1380
tgcaaggtct gttgaatgtc gtgaaggaag cagttcctcect ggaagcecttcet tgaagacaaa 1440
caacgtcectgt agcgacccectt tgcaggcagce ggaaccccecce acctggcgac aggtgcctcet 1500
geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 1560
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 1620
ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 1680
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 1740
acgtggtttt cctttgaaaa acacgatgat accatggccc cgatcactgce ttacgcccag 1800
caaaccaggg gccttcttgg gactattgtg accagcttga ctggcaggga taagaatgtg 1860
gtgaccggceg aagtgcaggt gctttctacg gctacccaga ccttectagg tacaacaata 1920
gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tccgcactgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
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tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300
actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
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cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat taccgctgag gcagcagcegce gcecgecttge gegtgggtcece 5280
cctccatcag aggcaagctce atccgccage caactgtegg ctceccecgtegtt gaaggccact 5340
tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctce gacgaccact acaaaattgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720
aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780
ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840
aacacaatca cttgttacat caaggccaca geggctgcaa gggecgceggyg tctecggaac 6900
ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960
gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020
ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080
tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140
ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200
aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260
tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320
acttactctg tcactccget ggatttacca gcaatcattg aaaaactcca tggtctaagce 7380
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gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440

aagcttgggt gecceccect acgagettgg agacateggg cacgagcagt gegegctaag 7500

cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560

cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620

tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680

catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740

cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800

tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860

ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920

cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980

ctctgcagat catgt 7995

<210> SEQ ID NO 21

<211> LENGTH: 7995

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<223> OTHER INFORMATION: cDNA sequence of mutant S310A T2188A HCV
subgenomic replicon RNA

<400> SEQUENCE: 21

gacctgecte ttacgaggeg acactccacce atggatcact ceectgtgag gaacttetgt 60

cttcacgegg aaagcgecta gecatggegt tagtacgagt gtegtgcage ctccaggace 120

cceecteceg ggagagecat agtggtetge ggaaccggtyg agtacaccgyg aatcgetggg 180

gtgaccgggt cctttettgg aacaacccge tcaataccca gaaatttggg cgtgcccecg 240

cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300

tgcttgcgag tgcceccggga ggtctegtag accgtgcaac atgagcacac ttcctaaacce 360

ccaaagaaaa accaaaagaa acaccatccg tcgeccaatyg attgaacaag atggattgca 420

cgcaggttet ccggecgett gggtggagag getattegge tatgactggyg cacaacagac 480

aatcggetge tctgatgecg cegtgtteeg getgtcageg caggggcegece cggttetttt 540

tgtcaagacc gacctgtcceg gtgccctgaa tgaactgcag gacgaggcag cgcggetate 600

gtggcetggee acgacgggeg ttcecttgege agetgtgete gacgttgtca ctgaageggyg 660

aagggactgg ctgctattgg gcgaagtgece ggggcaggat ctectgtcat ctcaccttge 720

tcctgecgag aaagtatcca tcatggetga tgcaatgegyg cggctgcata cgcettgatce 780

ggctacctyge ccattcgace accaagcgaa acatcgcatce gagcgagcac gtactcggat 840

ggaagceggt cttgtcgate aggatgatct ggacgaagag catcaggggce tcegegccage 900

cgaactgtte gccaggcectca aggcgegeat geccgacgge gaggatcteg tcegtgaccca 960

tggcgatgcce tgcttgccga atatcatggt ggaaaatgge cgcttttctg gattcatcga 1020

ctgtggcecgg ctgggtgtgg cggaccgcta tcaggacata gcgttggcta cccgtgatat 1080

tgctgaagag cttggcggceg aatgggctga ccgcecttecte gtgctttacg gtatcgeccgce 1140

tcecgatteg cagcgcateg ccecttcectatcg ccttettgac gagttcecttet gagtttaaac 1200

cctecteecte ceccceccect aacgttactg gccgaagecg cttggaataa ggccggtgtg 1260
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cgtttgtcta tatgttattt tccaccatat tgcecgtettt tggcaatgtg agggcccgga 1320
aacctggccce tgtcttcecttg acgagcattce ctaggggtcet ttceccecctcte gecaaaggaa 1380
tgcaaggtct gttgaatgtc gtgaaggaag cagttcctcect ggaagcecttcet tgaagacaaa 1440
caacgtcectgt agcgacccectt tgcaggcagce ggaaccccecce acctggcgac aggtgcctcet 1500
geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 1560
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 1620
ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 1680
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 1740
acgtggtttt cctttgaaaa acacgatgat accatggccc cgatcactgce ttacgcccag 1800
caaaccaggg gccttcttgg gactattgtg accagcttga ctggcaggga taagaatgtg 1860
gtgaccggceg aagtgcaggt gctttctacg gctacccaga ccttectagg tacaacaata 1920
gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tccgcactgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300
actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
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gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat tgccgctgag gcagcagegce gecgecttge gegtgggtcece 5280
cctccatcag aggcaagctce atccgccage caactgtegg ctceccecgtegtt gaaggccact 5340
tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
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ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctc gacgaccact acaaaactgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720
aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780
ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840
aacacaatca cttgttacat caaggccaca geggctgcaa gggecgceggyg tctecggaac 6900
ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960
gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020
ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080
tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140
ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200
aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260
tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320
acttactctg tcactccget ggatttacca gcaatcattg aaagactcca tggtctaagce 7380
gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440
aagcttgggt gccccccect acgagettgg agacatcggg cacgagcagt gcegegetaag 7500
cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560
cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620
tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680
catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740
cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800
tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860
ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920
cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980
ctctgcagat catgt 7995
<210> SEQ ID NO 22
<211> LENGTH: 7995
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<220> FEATURE:

<223> OTHER INFORMATION:

subgenomic replicon RNA

cDNA sequence of mutant S310A T2496I HCV
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<400> SEQUENCE: 22

gacctgecte ttacgaggeg acactccacce atggatcact ceectgtgag gaacttetgt 60
cttcacgegg aaagcgecta gecatggegt tagtacgagt gtegtgcage ctccaggace 120
cceecteceg ggagagecat agtggtetge ggaaccggtyg agtacaccgyg aatcgetggg 180
gtgaccgggt cctttettgg aacaacccge tcaataccca gaaatttggg cgtgcccecg 240
cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300
tgcttgcgag tgcceccggga ggtctegtag accgtgcaac atgagcacac ttcctaaacce 360
ccaaagaaaa accaaaagaa acaccatccg tcgeccaatyg attgaacaag atggattgca 420
cgcaggttet ccggecgett gggtggagag getattegge tatgactggyg cacaacagac 480
aatcggetge tctgatgecg cegtgtteeg getgtcageg caggggcegece cggttetttt 540
tgtcaagacc gacctgtcceg gtgccctgaa tgaactgcag gacgaggcag cgcggetate 600
gtggcetggee acgacgggeg ttcecttgege agetgtgete gacgttgtca ctgaageggyg 660
aagggactgg ctgctattgg gcgaagtgece ggggcaggat ctectgtcat ctcaccttge 720
tcctgecgag aaagtatcca tcatggetga tgcaatgegyg cggctgcata cgcettgatce 780
ggctacctyge ccattcgace accaagcgaa acatcgcatce gagcgagcac gtactcggat 840
ggaagceggt cttgtcgate aggatgatct ggacgaagag catcaggggce tcegegccage 900
cgaactgtte gccaggcectca aggcgegeat geccgacgge gaggatcteg tcegtgaccca 960
tggcgatgcce tgcttgccga atatcatggt ggaaaatgge cgcttttctg gattcatcga 1020
ctgtggcecgg ctgggtgtgg cggaccgcta tcaggacata gcgttggcta cccgtgatat 1080
tgctgaagag cttggcggceg aatgggctga ccgcecttecte gtgctttacg gtatcgeccgce 1140
tcecgatteg cagcgcateg ccecttcectatcg ccttettgac gagttcecttet gagtttaaac 1200
cctecteecte ceccceccect aacgttactg gccgaagecg cttggaataa ggccggtgtg 1260
cgtttgtcta tatgttattt tccaccatat tgcecgtettt tggcaatgtg agggcccgga 1320
aacctggccce tgtcttcecttg acgagcattce ctaggggtcet ttceccecctcte gecaaaggaa 1380
tgcaaggtct gttgaatgtc gtgaaggaag cagttcctcect ggaagcecttcet tgaagacaaa 1440
caacgtcectgt agcgacccectt tgcaggcagce ggaaccccecce acctggcgac aggtgcctcet 1500
geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 1560
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 1620
ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 1680
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 1740
acgtggtttt cctttgaaaa acacgatgat accatggccc cgatcactgce ttacgcccag 1800
caaaccaggg gccttcttgg gactattgtg accagcttga ctggcaggga taagaatgtg 1860
gtgaccggceg aagtgcaggt gctttctacg gctacccaga ccttectagg tacaacaata 1920
gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
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ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tccgcactgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300
actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
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ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat taccgctgag gcagcagcegce gcecgecttge gegtgggtcece 5280
cctccatcag aggcaagctce atccgccage caactgtegg ctceccecgtegtt gaaggccact 5340
tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctce gacgaccact acaaaattgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720
aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780
ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840
aacacaatca cttgttacat caaggccaca geggctgcaa gggecgceggyg tctecggaac 6900
ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960
gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020
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ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080

tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140

ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200

aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260

tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320

acttactctg tcactccget ggatttacca gcaatcattg aaagactcca tggtctaagce 7380

gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440

aagcttgggt gecceccect acgagettgg agacateggg cacgagcagt gegegctaag 7500

cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560

cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620

tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680

catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740

cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800

tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860

ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920

cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980

ctctgcagat catgt 7995

<210> SEQ ID NO 23

<211> LENGTH: 7995

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<223> OTHER INFORMATION: cDNA sequence of mutant S310A R2895G HCV
subgenomic replicon RNA

<400> SEQUENCE: 23

gacctgecte ttacgaggeg acactccacce atggatcact ceectgtgag gaacttetgt 60

cttcacgegg aaagcgecta gecatggegt tagtacgagt gtegtgcage ctccaggace 120

cceecteceg ggagagecat agtggtetge ggaaccggtyg agtacaccgyg aatcgetggg 180

gtgaccgggt cctttettgg aacaacccge tcaataccca gaaatttggg cgtgcccecg 240

cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300

tgcttgcgag tgcceccggga ggtctegtag accgtgcaac atgagcacac ttcctaaacce 360

ccaaagaaaa accaaaagaa acaccatccg tcgeccaatyg attgaacaag atggattgca 420

cgcaggttet ccggecgett gggtggagag getattegge tatgactggyg cacaacagac 480

aatcggetge tctgatgecg cegtgtteeg getgtcageg caggggcegece cggttetttt 540

tgtcaagacc gacctgtcceg gtgccctgaa tgaactgcag gacgaggcag cgcggetate 600

gtggcetggee acgacgggeg ttcecttgege agetgtgete gacgttgtca ctgaageggyg 660

aagggactgg ctgctattgg gcgaagtgece ggggcaggat ctectgtcat ctcaccttge 720

tcctgecgag aaagtatcca tcatggetga tgcaatgegyg cggctgcata cgcettgatce 780

ggctacctyge ccattcgace accaagcgaa acatcgcatce gagcgagcac gtactcggat 840

ggaagceggt cttgtcgate aggatgatct ggacgaagag catcaggggce tcegegccage 900

cgaactgtte gccaggcetca aggcegegeat geccgacgge gaggatcteg tcegtgaccca 960
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tggcgatgcce tgcttgccga atatcatggt ggaaaatgge cgcttttctg gattcatcga 1020
ctgtggcecgg ctgggtgtgg cggaccgcta tcaggacata gcgttggcta cccgtgatat 1080
tgctgaagag cttggcggceg aatgggctga ccgcecttecte gtgctttacg gtatcgeccgce 1140
tcecgatteg cagcgcateg ccecttcectatcg ccttettgac gagttcecttet gagtttaaac 1200
cctecteecte ceccceccect aacgttactg gccgaagecg cttggaataa ggccggtgtg 1260
cgtttgtcta tatgttattt tccaccatat tgcecgtettt tggcaatgtg agggcccgga 1320
aacctggccce tgtcttcecttg acgagcattce ctaggggtcet ttceccecctcte gecaaaggaa 1380
tgcaaggtct gttgaatgtc gtgaaggaag cagttcctcect ggaagcecttcet tgaagacaaa 1440
caacgtcectgt agcgacccectt tgcaggcagce ggaaccccecce acctggcgac aggtgcctcet 1500
geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 1560
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 1620
ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 1680
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 1740
acgtggtttt cctttgaaaa acacgatgat accatggccc cgatcactgce ttacgcccag 1800
caaaccaggg gccttcttgg gactattgtg accagcttga ctggcaggga taagaatgtg 1860
gtgaccggceg aagtgcaggt gctttctacg gctacccaga ccttectagg tacaacaata 1920
gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tccgcactgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300
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actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat taccgctgag gcagcagcegce gcecgecttge gegtgggtcece 5280
cctccatcag aggcaagctce atccgccage caactgtegg ctceccecgtegtt gaaggccact 5340
tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
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ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctc gacgaccact acaaaactgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720
aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780
ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840
aacacaatca cttgttacat caaggccaca geggctgcaa gggecgceggyg tctecggaac 6900
ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960
gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020
ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080
tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140
ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200
aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260
tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320
acttactctg tcactccget ggatttacca gcaatcattg aaggactcca tggtctaagce 7380
gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440
aagcttgggt gccccccect acgagettgg agacatcggg cacgagcagt gcegegetaag 7500
cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560
cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620
tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680
catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740
cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800
tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860
ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920
cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980
ctctgcagat catgt 7995
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 24

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

TagMan probing primer
<400> SEQUENCE: 24

cgggagagece atagtgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 25

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

TagMan probing primer

<400> SEQUENCE: 25

agtaccacaa ggccttteg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 26

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

TagMan probing probe
<400> SEQUENCE: 26

ctgcggaace ggtgagtaca ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 27

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 27

taatacgact cactatag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 28

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 28

geggcetcacyg gacctttcac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 29

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer Neo-S4
<400>

SEQUENCE: 29

tcctegtget ttacggtatce

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

17

Synthetic

19

Synthetic

21

Synthetic

18

Synthetic

20

Synthetic

20



US 9,453,056 B2

155

-continued

156

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer 1286R
<400> SEQUENCE: 30

gttcccaatyg cggacgttgg

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer 1286F
<400> SEQUENCE: 31

ccaacgteeyg cattgggaac

<210> SEQ ID NO 32

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer 5546R
<400> SEQUENCE: 32

tccttgaact ggtgggetat t

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer 5240F
<400> SEQUENCE: 33

tggggcctgt ccaaaatgaa

<210> SEQ ID NO 34

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer 2188R
<400> SEQUENCE: 34

gectcagegyg caatatggga a

<210> SEQ ID NO 35

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer 2188F
<400> SEQUENCE: 35

ttcccatatt gecegetgagyg ¢

<210> SEQ ID NO 36

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

20

20

21

20

21

21
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<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

primer 7601R
<400> SEQUENCE: 36

actaacggtyg gaccaagagt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 37

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 2198R

<400> SEQUENCE: 37

gaggggacce atgcgcaagg ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 38

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 2198F
<400> SEQUENCE: 38

gecttgegea tgggtccect ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 39

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 7276F
<400> SEQUENCE: 39

gtaccaccaa ctgtccatgg a

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 40

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 2496R

<400> SEQUENCE: 40

ttaaagcaat tttgtagtgg t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 41

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 2496F

<400> SEQUENCE: 41

accactacaa aattgcttta a

<210> SEQ ID NO 42
<211> LENGTH: 22

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

20

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

21
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160

<212>
<213>
<220>
<223>

TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

primer 8579R

<400> SEQUENCE: 42

ccgcagacaa gaaagtcegg gt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 43

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 7988F
<400> SEQUENCE: 43

geteegtety ggaggacttyg ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 44

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer R2895G-R

<400> SEQUENCE: 44

atggagtcct tcaatgattg ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 45

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer R2895G-F
<400> SEQUENCE: 45

gcaatcattg aaggactcca t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 46

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 3X-54R-2a
<400> SEQUENCE: 46

geggcetcacyg gacctttcac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 47

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer R2895K-R
<400> SEQUENCE: 47
atggagtttt tcaatgattg c
<210> SEQ ID NO 48

<211> LENGTH: 21
<212> TYPE: DNA

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

22

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

20

Synthetic

21
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer R2895K-F

<400> SEQUENCE: 48

gcaatcattg aaaaactcca t 21

<210> SEQ ID NO 49

<211> LENGTH: 9655

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<223> OTHER INFORMATION: cDNA sequence of mutant $310A $2210I HCV full
genomic replicon RNA

<400> SEQUENCE: 49

gacctgecte ttacgaggeg acactccacce atggatcact ceectgtgag gaacttetgt 60

cttcacgegg aaagcgecta gecatggegt tagtacgagt gtegtgcage ctccaggace 120

cceecteceg ggagagecat agtggtetge ggaaccggtyg agtacaccgyg aatcgetggg 180

gtgaccgggt cctttettgg aacaacccge tcaataccca gaaatttggg cgtgcccecg 240

cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300

tgcttgcgag tgcceccggga ggtctegtag accgtgcaac atgagcacac ttcctaaacce 360

ccaaagaaaa accaaaagaa acaccatccg tcegeccacag gacgtcaagt tccegggtgg 420

cggacagatce gttggtggag tatacgtgtt geegegeagg ggcccacggt tgggtgtgeg 480

cgeggegegt aaaacttctg aacggtcaca gectegtgga cggeggcage ctatccccac 540
ggcgegtegyg agcgaaggece ggtectggge tcageccggg tacccttgge cectetatgg 600
taatgagggce tgcgggtggg cagggtgget cetgtceceeg cgeggctece gtccatettg 660
gggcccgaac gacccccgge gaaggtccceg caacttgggt aaagtcatcg ataccctceac 720
gtgcegggtte gecgacctca tggggtacat cccgetegte ggegeteceg tagggggegt 780
cgcaagagcet ctcgegecatg gegtgaggge cettgaagac gggataaatt tcegcaacagg 840
gaacttgccect ggttgctcect tttectatctt ccttettget ctgetttett gcttagteca 900
tcctgecaget agtttagagt ggcggaatge atctggecte tacatcctta ccaacgactg 960

tceccaacage agtattgtgt atgaggccga tgatgttatt ctgcacacac ccggctgtat 1020

accttgtgtt

caggacggca ataaatccac gtgctggacc tcagtgacac ctacagtggce 1080

agtcaggtac gtcggagcaa ccaccgcttce gatacgcagt catgtggacc tattagtggg 1140

cgcggcecacg atgtgctetg cgctctacgt gggtgatatg tgtggggccg tettecttgt 1200

gggacaagcc ttcacgttca gacctcecgteg ccatcaaacg gtccagacct gtaactgcetce 1260

actgtacccg ggccatctet caggacaccg aatggcttgg gatatgatga tgaactggtce 1320

ccecgetatg ggtatggtgg tagcgcacat cctacgtetg cctcagacct tgtttgacat 1380

aatagcecggg gceccattggg gcatcttgge ggggctagece tattactcca tgcagggcaa 1440

ctgggccaag gtcgctatca tcatggttat gttttcaggg gtcgatgcca ctacatatac 1500

caccggtgge gcagtagetce atggcgccaa gggactaact agtcttttta gtetgggegce 1560

ccaacagaaa ctgcagttgg tcaacaccaa tggctcctgg cacatcaaca ggactgccct 1620

gaactgcaat gagtccatac acacggggtt cgtagctggg ttgttttact atcataagtt 1680
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caactctact ggatgccctce aaaggctcag cagctgcaag cccatcactt ccttcaagca 1740
ggggtggggce tccctgacag atgctaacat caccgggtet tcetgaggaca aaccgtactg 1800
ctggcactac gcacccagac cttgcacaac tgttcaagca tcaagtgtct geggccctgt 1860
gtactgctte acaccatcge cagtggttgt gggcactact gatgctgagg gcgtcccaac 1920
ctatacctgg ggtggaaata agacagacgt gttcctgcetg aagtccttge ggcctceccaa 1980
cggtcagtgg tttgggtgca cgtggatgaa ctccacgggg tttaccaaga cgtgcggggce 2040
tcececttgt aacatctatg ggggtaaagg gagtcatcac aatgattcag acctcatctg 2100
ccctaccgac tgtttcagga aacatcccga ggecacatac agecggtgeyg gtgeggggece 2160
ctggttgaca cctcgatgca tggtcgacta tccataccgg ctttggcatt acccgtgcac 2220
agtcaatttt tcattgttca aggtgaggat gtttgtgggt gggtttgagc accggttcac 2280
cgecgettge aactggacca ggggggageg ctgcgatate gaggatcgeg accgcagcga 2340
gcaacacceg ctgctgecatt caacgaccga gctcgctata ctgecttget ccttecacgece 2400
catgcctgeg ttgtcaacag gtttaataca cctceccaccaa aacatcgtgg atgtccagta 2460
cctttatgge gttggatctyg gcatggtggg atgggcgcetg aaatgggagt tegtcegtect 2520
cgttttecte ctecctagcag acgcacgcgt gtgegttget ctttggctga tgctgatgat 2580
atcacaagca gaagcagcct tggagaacct tgtcacgcetg aacgccatcg ctgctgececgg 2640
gacacatggt attggttggt actttgtagc cttttgcgeg gcatggtacg tgcggggtaa 2700
gcttgteeeg ctggtgacct acagcctgac gggtcectcectgg tetectggegt tgctegtect 2760
cttgctecece cagcecgggegt acgcctggte aggtgaagac agcgctacte ttggegetgg 2820
gatcttggte ctetttggcet tctttacctt gtcaccctgg tataagcatt ggatcggecyg 2880
cctcatgtgg tggaaccagt acaccatatg tagatgcgag gccgccctece aagtgtgggt 2940
ccecceectta ctegecacgeg ggagtaggga cggtgttatce ctgctaacaa gtcectgcttta 3000
tccatcttta atttttgaca tcaccaagct actgatagca gtattgggcce cattatactt 3060
aatacaggct gccatcactg ccacccecta ctttgtgegt gcacatgtat tggttcegect 3120
ttgcatgctce gtgcgctetyg taatgggggg aaaatacttc cagatgatca tactgagcat 3180
tggcagatgg tttaacacct atctgtacga ccacctagcg ccaatgcaat attgggctgce 3240
agctggectce aaagacctag cagtggccac tgaacctgtg atatttagtce ccatggaaac 3300
caaggtcatc acctggggcg cggacacagc ggcttgcgga gatattcttt gegggctgece 3360
cgtcteegeg cgactaggec gtgaggtgtt gttgggacct gectgatgatt accgggagat 3420
gggttggege ctgttggcce caatcacagce atacgcccag caaaccaggg gccttcettgg 3480
gactattgtg accagcttga ctggcaggga taagaatgtg gtgaccggcg aagtgcaggt 3540
gctttctacg gctacccaga ccttectagg tacaacaata gggggggtta tgtggactgt 3600
ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa catcctgcge tccaaatgta 3660
cacaaatgta gatcaggacc tcgttgggtg gccagccect ccaggggcta agtctcecttga 3720
accgtgcacce tgcgggtetg cagacttata cttggttacce cgcgatgctg acgtcatccce 3780
cgcteggege aggggggact ccacagcgag cttgctcage cctaggcecte tegectgtet 3840
caagggctcce tctggaggtce cegttatgtg cceccttegggg catgtcacgg ggatcttteg 3900
ggctgctgtyg tgcaccagag gtgtagcaaa gaccctacag ttcataccag tggaaaccct 3960
tagtacacag actaggtccc catccttcte tgacaattca actcctcceg cegteccaca 4020
gagctaccaa gtagggtatc ttcatgcccce gaccggtagt ggcaagagca caaaggtcecce 4080
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ggccgcttac gtagcacaag gataccatgt tctcegtgttg aatccatcag tggcggcecac 4140
actaggcttc ggctcttaca tgtcgaaagce ctatgggatc gaccccaacg tccgcactgg 4200
gaaccgcact gtcacaactg gtgctaaact gacctattcc acctacggta agtttctege 4260
ggatgggggt tgctctgggg gagcgtatga tgtgattatt tgtgatgaat gccatgcecca 4320
agacgctact accatattgg gtattggcac ggtcttagat caggctgaga cggctggggt 4380
gaggctgacg gttctggcga cagcaactcce cccaggcagce atcactgtgce cacattctaa 4440
catcgaggag gtagccctgg gcetctgaagg tgagatcect ttctacggta aggctatacce 4500
gatagcccag ctcaaggggg ggaggcacct tatcttttge cattccaaga aaaagtgtga 4560
tgagatagca tccaagctca gaggcatggg gctcaacgct gtagcattct ataggggtct 4620
tgatgtgtcce atcataccaa cagcaggaga cgtcgtggtt tgcgccactg acgccctcat 4680
gactgggtac accggagact ttgattctgt catagattgc aacgtgactg ttgaacagta 4740
cgttgacttc agcttggacc ccacctttte cattgagact cacactgctce cccaagacgce 4800
ggtttcecege agccaacgte gtggccgtac gggccggggt agactceggca tataccgata 4860
tgtcaccceg ggtgaaagac cgtctggaat gtttgacteg gttgttctet gtgagtgceta 4920
tgatgcgggce tgctegtggt acgatctgca gcccgctgag actacagtca gactgagagce 4980
ttacttgtcce acgccgggtt tacctgtctg tcaagaccat cttgactttt gggagagegt 5040
ctttactgga ctaactcaca tagatgccca ctttctgtca cagactaagce agcagggact 5100
caacttccecg tacctgactg cctaccaagce cactgtgtge gecccgecgcecge aggctcectcece 5160
cccaagttgg gacgagacgt ggaaatgtct cgtacggcett aaaccaacac tacatggacc 5220
cacgccectt ctgtatcggt tggggcctat ccaaaatgaa acctgcttga cacaccccegt 5280
cacaaaatac atcatggcat gcatgtcagc tgatctggaa gtgaccacca gcgcecctgggt 5340
gttgcttgga ggggtgctcg cggccctage ggcttactge ttgtcagtcg gctgegttgt 5400
gatcgtgggt catattgagce tggggggcaa gccagcactc gttccagaca aagaggtgtt 5460
gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagcet gccccatata tcgaacaagce 5520
tcaggtaata gcccaccagt tcaaggagaa agtccttgga ttgctgcagce gagccaccca 5580
acaacaagct gtcattgagc ccatagtagc taccaactgg caaaagcttg aggcgttcetg 5640
gcacaagcat atgtggaatt ttgtgagtgg gatccagtac ctagcaggcc tttceccacttt 5700
gcctggcaac cccgetgtgg cgtetcecttat ggcgttcace gettetgtca ccagtcecect 5760
gacgaccaac caaactatgt tcttcaacat actcgggggg tgggttgcta cccatttgge 5820
agggcccecag agctcectteeg cattcegtggt aageggettg gecggcegctg ccataggggg 5880
tataggcctg ggcagggtcect tgattgacat cctggcagga tacggagctg gtgtctcagg 5940
cgecttggtg gettttaaga tcatgggagg agaactcccce actgctgagg acatggtcaa 6000
catgctgect geccatactat cteccgggcge cctegttgte ggtgtgatat gtgcagcecat 6060
actgegtcega cacgtaggac ctggggaggg ggcggtgcag tggatgaaca ggctcatcge 6120
attcgcatcce cggggtaacc acgtctcacc gacgcactat gtccccgaga gcegatgctgce 6180
agcgaaggtt actgcattgce tgagttctct aactgtcaca agtctgctcce ggcgactgca 6240
ccagtggatc aatgaagact acccaagtcc ttgctgegge gactggctge gtaccatctg 6300
ggactgggtt tgcatggtgt tgtctgactt caagacatgg ctctccgecta agattatgece 6360
agcgctecct gggctgectt tectttectg tcagaaggga tacaagggceg tgtggcegggg 6420
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agacggtgtg atgtcgacac gctgtcecttg cggggcgaca ataaccggtce atgtgaagaa 6480
tgggtctatg cggcttgcag ggccacgcac atgtgctaac atgtggcacg gtactttcce 6540
catcaatgag tacaccaccg gacccggcac accttgccca gcacccaact acactcgege 6600
attattgcge gtggctgcca acagctacgt tgaggtgcege cgggtggggg acttccacta 6660
cattacgggg gctacagaag atgagctcaa gtgtccgtge caagtgccgg ccgcagagtt 6720
ttttactgag gtggatgggg tgagactcca ccgttacgcc cctccatgca agcccctgtt 6780
gagggatgaa atcactttca tggtagggtt gaactcctac gcaataggat ctcaactccce 6840
ctgtgagccce gaaccagatg tttcectgtgct gacctcgatg ttgagagacce cttceccatat 6900
taccgetgag gcagcagege gecgecttge gegtgggtece cctecatcag aggcaagcete 6960
atccgecate caactgtegg cteccgtegtt gaaggccact tgtcagtcgt atgggcectca 7020
tctggacgcet gagctagtgg atgccaacct gttatggegg caggagatgg gcagcactat 7080
cacacgggta gagtctgaaa caaaggttgt gattcttgat tcattcgaac ctctgagagc 7140
cgaaactgat gacgccgagce tcectecggtgge tgcagagtgt ttcaagaagce ctcccaagta 7200
tcetecagee cttectatet gggctaggcee agactacaac cctcecattgt tagaccgetg 7260
gaaagcaccg gattatgttc caccaactgt tcatggatgc gccttaccac cacggggcegce 7320
tccaccggtg cecteeccecte ggaggaagag aacaattcag ctggatgget ccaatgtgtce 7380
cgeggegeta getgegetag cagaaaagtce attcccegtece tcaaagcecge aggaagagaa 7440
tagctcatce tcaggggteg acacacagtc cagcactacc tctaaggtgce ccccccccece 7500
aggaggggaa tccgactcag agtcgtgctce gtceccatgect ccectcetecgagg gagagcecggg 7560
cgatccggat ttgagctgeg actcttggte cactgtgagt gacaatgagg agcagaacgt 7620
agtctgcetge tccatgtegt actcttggac cggegcecttg ataacaccat gtagtgctga 7680
ggaggagaaa ctacccatca gcccactcag caactceccttg ttgagacacc ataatctggt 7740
ttattcaacg tcgtcaagaa gcgcttcectca gcgtcagaag aaggttacct tcgacaggcet 7800
gcaggtgcte gacgaccact acaaaactgc tttaaaggag gtaaaggagc gagcgtctgg 7860
ggtgaaggct cgcatgctca ccatcgagga agcgtgcaag cttgtccccce cccactetge 7920
ccgttcecgaag ttcgggtata gtgcgaagga cgctcegttece ttgtccagca gggccgttaa 7980
ccagatccge teccgtcectggg aggacttgct ggaagacacc acaactccaa ttccaacaac 8040
catcatggcg aagaacgagg tgttttgtgt ggacccegtt aaggggggcce gcaagcccgce 8100
tcgectecatt gtgtaccetg acctgggggt gecgtgtetgt gagaaacgcg ccctatatga 8160
cgtgatacag aagttgtcaa tcgcgacgat gggtcctget tatggattcce agtactcgcece 8220
tcagcagcegg gtcgaacgte tgctgaagat gtggacctca aagagaaccce ccctggggtt 8280
ctcgtatgac acccgctget ttgactcgac tgtcactgaa caggatatca gggtggaaga 8340
ggagatatat caatgctgta accttgaacc ggaggccagg aaggtgatct cctecctceac 8400
ggagcggcett tactgcgggg gccccatgtt caacagcaag ggggcccagt gcggttatceg 8460
ccgttgecgt gectagtggag ttcectaccgac cagetttgge aacacaatca cttgttacat 8520
caaggccaca gcggctgcaa gggccgeggg tctecggaac ccggacttte ttgtetgegg 8580
agatgatttg gtcgtggtgg ccgagagtga tggcgtcgac gaggataggg cagccctgag 8640
agccttcacg gaggctatga ccaggtactce tgctccaccce ggagatgctce cacagcctac 8700
ctacgacctt gagctcatca catcttgctce ctctaacgtc tccgtagcac atgacaacaa 8760
ggggaggagg tattactacc tcacccgtga tgccactact cccctggecce gtgeggettyg 8820
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ggaaacagct cgtcacactc cagttaactc ctggttgggc aacatcatca tgtacgcgece 8880

taccatctgg gtgcgcatgg tgatgatgac acactttttc tccatactcc aatcccagga 8940

gatacttgat cgccceccttg attttgaaat gtacggggec acttactctg tcactccget 9000

ggatttacca gcaatcattg aaagactcca tggtctaagc gcgttcacac tccacagtta 9060

ctcteccagta gaactcaata gggtcgeggg gacactcagg aagcttgggt gecccccect 9120

acgagcttgg agacatcggg cacgagcagt gcgcgctaag cttattgcce agggaggtaa 9180

ggccaaaata tgtggccttt atctctttaa ctgggcagta cgcaccaaga ccaaactcac 9240

tccactgeca gecgctagee agttggactt atccaattgg tttteggttg gegtceggegg 9300

gaacgacatt tatcacagcg tgtcacatgc ccgaacccgce catttgctgce tttgectact 9360

cctactaact gtaggggtag gcatctttct cctgccagca cgataagctg gtaggataac 9420

actccattcee ttttececttg tttttatttt tttttttttt tttttttttt tttttteeet 9480

ttcttttttt tttttttttt tttttttttg tttttectet ttccattett ttctaacctt 9540

aaattttecct ttctttaggt ggctccatct tagccctagt cacggctage tgtgaaaggt 9600

ccgtgagecg catgactgca gagagtgccg taactggtet ctctgcagat catgt 9655

<210> SEQ ID NO 50

<211> LENGTH: 9655

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<223> OTHER INFORMATION: cDNA sequence of mutant $S310A R2198H HCV full
genomic replicon RNA

<400> SEQUENCE: 50

gacctgecte ttacgaggeg acactccacce atggatcact ceectgtgag gaacttetgt 60

cttcacgegg aaagcgecta gecatggegt tagtacgagt gtegtgcage ctccaggace 120

cceecteceg ggagagecat agtggtetge ggaaccggtyg agtacaccgyg aatcgetggg 180

gtgaccgggt cctttettgg aacaacccge tcaataccca gaaatttggg cgtgcccecg 240

cgagatcact agccgagtag tgttgggtceg cgaaaggect tgtggtactyg cctgataggg 300

tgcttgcgag tgcceccggga ggtctegtag accgtgcaac atgagcacac ttcctaaacce 360

ccaaagaaaa accaaaagaa acaccatccg tcegeccacag gacgtcaagt tccegggtgg 420

cggacagatce gttggtggag tatacgtgtt geegegeagg ggcccacggt tgggtgtgeg 480

cgeggegegt aaaacttctg aacggtcaca gectegtgga cggeggcage ctatccccac 540
ggcgegtegyg agcgaaggece ggtectggge tcageccggg tacccttgge cectetatgg 600
taatgagggce tgcgggtggg cagggtgget cetgtceceeg cgeggctece gtccatettg 660
gggcccgaac gacccccgge gaaggtccceg caacttgggt aaagtcatcg ataccctceac 720
gtgcegggtte gecgacctca tggggtacat cccgetegte ggegeteceg tagggggegt 780
cgcaagagcet ctcgegecatg gegtgaggge cettgaagac gggataaatt tcegcaacagg 840
gaacttgccect ggttgctcect tttectatctt ccttettget ctgetttett gcttagteca 900
tcctgecaget agtttagagt ggcggaatge atctggecte tacatcctta ccaacgactg 960

tceccaacage agtattgtgt atgaggccga tgatgttatt ctgcacacac ccggctgtat 1020

accttgtgtt caggacggca ataaatccac gtgctggacc tcagtgacac ctacagtggce 1080
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agtcaggtac gtcggagcaa ccaccgcttce gatacgcagt catgtggacc tattagtggg 1140
cgcggcecacg atgtgctetg cgctctacgt gggtgatatg tgtggggccg tettecttgt 1200
gggacaagcc ttcacgttca gacctcecgteg ccatcaaacg gtccagacct gtaactgcetce 1260
actgtacccg ggccatctet caggacaccg aatggcttgg gatatgatga tgaactggtce 1320
ccecgetatg ggtatggtgg tagcgcacat cctacgtetg cctcagacct tgtttgacat 1380
aatagcecggg gceccattggg gcatcttgge ggggctagece tattactcca tgcagggcaa 1440
ctgggccaag gtcgctatca tcatggttat gttttcaggg gtcgatgcca ctacatatac 1500
caccggtgge gcagtagetce atggcgccaa gggactaact agtcttttta gtetgggegce 1560
ccaacagaaa ctgcagttgg tcaacaccaa tggctcctgg cacatcaaca ggactgccct 1620
gaactgcaat gagtccatac acacggggtt cgtagctggg ttgttttact atcataagtt 1680
caactctact ggatgccctce aaaggctcag cagctgcaag cccatcactt ccttcaagca 1740
ggggtggggce tccctgacag atgctaacat caccgggtet tcetgaggaca aaccgtactg 1800
ctggcactac gcacccagac cttgcacaac tgttcaagca tcaagtgtct geggccctgt 1860
gtactgctte acaccatcge cagtggttgt gggcactact gatgctgagg gcgtcccaac 1920
ctatacctgg ggtggaaata agacagacgt gttcctgcetg aagtccttge ggcctceccaa 1980
cggtcagtgg tttgggtgca cgtggatgaa ctccacgggg tttaccaaga cgtgcggggce 2040
tcececttgt aacatctatg ggggtaaagg gagtcatcac aatgattcag acctcatctg 2100
ccctaccgac tgtttcagga aacatcccga ggecacatac agecggtgeyg gtgeggggece 2160
ctggttgaca cctcgatgca tggtcgacta tccataccgg ctttggcatt acccgtgcac 2220
agtcaatttt tcattgttca aggtgaggat gtttgtgggt gggtttgagc accggttcac 2280
cgecgettge aactggacca ggggggageg ctgcgatate gaggatcgeg accgcagcga 2340
gcaacacceg ctgctgecatt caacgaccga gctcgctata ctgecttget ccttecacgece 2400
catgcctgeg ttgtcaacag gtttaataca cctceccaccaa aacatcgtgg atgtccagta 2460
cctttatgge gttggatctyg gcatggtggg atgggcgcetg aaatgggagt tegtcegtect 2520
cgttttecte ctecctagcag acgcacgcgt gtgegttget ctttggctga tgctgatgat 2580
atcacaagca gaagcagcct tggagaacct tgtcacgcetg aacgccatcg ctgctgececgg 2640
gacacatggt attggttggt actttgtagc cttttgcgeg gcatggtacg tgcggggtaa 2700
gcttgteeeg ctggtgacct acagcctgac gggtcectcectgg tetectggegt tgctegtect 2760
cttgctecece cagcecgggegt acgcctggte aggtgaagac agcgctacte ttggegetgg 2820
gatcttggte ctetttggcet tctttacctt gtcaccctgg tataagcatt ggatcggecyg 2880
cctcatgtgg tggaaccagt acaccatatg tagatgcgag gccgccctece aagtgtgggt 2940
ccecceectta ctegecacgeg ggagtaggga cggtgttatce ctgctaacaa gtcectgcttta 3000
tccatcttta atttttgaca tcaccaagct actgatagca gtattgggcce cattatactt 3060
aatacaggct gccatcactg ccacccecta ctttgtgegt gcacatgtat tggttcegect 3120
ttgcatgctce gtgcgctetyg taatgggggg aaaatacttc cagatgatca tactgagcat 3180
tggcagatgg tttaacacct atctgtacga ccacctagcg ccaatgcaat attgggctgce 3240
agctggectce aaagacctag cagtggccac tgaacctgtg atatttagtce ccatggaaac 3300
caaggtcatc acctggggcg cggacacagc ggcttgcgga gatattcttt gegggctgece 3360
cgtcteegeg cgactaggec gtgaggtgtt gttgggacct gectgatgatt accgggagat 3420
gggttggege ctgttggcce caatcacagce atacgcccag caaaccaggg gccttcettgg 3480
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gactattgtg accagcttga ctggcaggga taagaatgtg gtgaccggcg aagtgcaggt 3540
gctttctacg gctacccaga ccttectagg tacaacaata gggggggtta tgtggactgt 3600
ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa catcctgcge tccaaatgta 3660
cacaaatgta gatcaggacc tcgttgggtg gccagccect ccaggggcta agtctcecttga 3720
accgtgcacce tgcgggtetg cagacttata cttggttacce cgcgatgctg acgtcatccce 3780
cgcteggege aggggggact ccacagcgag cttgctcage cctaggcecte tegectgtet 3840
caagggctcce tctggaggtce cegttatgtg cceccttegggg catgtcacgg ggatcttteg 3900
ggctgctgtyg tgcaccagag gtgtagcaaa gaccctacag ttcataccag tggaaaccct 3960
tagtacacag actaggtccc catccttcte tgacaattca actcctcceg cegteccaca 4020
gagctaccaa gtagggtatc ttcatgcccce gaccggtagt ggcaagagca caaaggtcecce 4080
ggccgcttac gtagcacaag gataccatgt tctcegtgttg aatccatcag tggcggcecac 4140
actaggcttc ggctcttaca tgtcgaaagce ctatgggatc gaccccaacg tccgcactgg 4200
gaaccgcact gtcacaactg gtgctaaact gacctattcc acctacggta agtttctege 4260
ggatgggggt tgctctgggg gagcgtatga tgtgattatt tgtgatgaat gccatgcecca 4320
agacgctact accatattgg gtattggcac ggtcttagat caggctgaga cggctggggt 4380
gaggctgacg gttctggcga cagcaactcce cccaggcagce atcactgtgce cacattctaa 4440
catcgaggag gtagccctgg gcetctgaagg tgagatcect ttctacggta aggctatacce 4500
gatagcccag ctcaaggggg ggaggcacct tatcttttge cattccaaga aaaagtgtga 4560
tgagatagca tccaagctca gaggcatggg gctcaacgct gtagcattct ataggggtct 4620
tgatgtgtcce atcataccaa cagcaggaga cgtcgtggtt tgcgccactg acgccctcat 4680
gactgggtac accggagact ttgattctgt catagattgc aacgtgactg ttgaacagta 4740
cgttgacttc agcttggacc ccacctttte cattgagact cacactgctce cccaagacgce 4800
ggtttcecege agccaacgte gtggccgtac gggccggggt agactceggca tataccgata 4860
tgtcaccceg ggtgaaagac cgtctggaat gtttgacteg gttgttctet gtgagtgceta 4920
tgatgcgggce tgctegtggt acgatctgca gcccgctgag actacagtca gactgagagce 4980
ttacttgtcce acgccgggtt tacctgtctg tcaagaccat cttgactttt gggagagegt 5040
ctttactgga ctaactcaca tagatgccca ctttctgtca cagactaagce agcagggact 5100
caacttccecg tacctgactg cctaccaagce cactgtgtge gecccgecgcecge aggctcectcece 5160
cccaagttgg gacgagacgt ggaaatgtct cgtacggcett aaaccaacac tacatggacc 5220
cacgccectt ctgtatcggt tggggcctat ccaaaatgaa acctgcttga cacaccccegt 5280
cacaaaatac atcatggcat gcatgtcagc tgatctggaa gtgaccacca gcgcecctgggt 5340
gttgcttgga ggggtgctcg cggccctage ggcttactge ttgtcagtcg gctgegttgt 5400
gatcgtgggt catattgagce tggggggcaa gccagcactc gttccagaca aagaggtgtt 5460
gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagcet gccccatata tcgaacaagce 5520
tcaggtaata gcccaccagt tcaaggagaa agtccttgga ttgctgcagce gagccaccca 5580
acaacaagct gtcattgagc ccatagtagc taccaactgg caaaagcttg aggcgttcetg 5640
gcacaagcat atgtggaatt ttgtgagtgg gatccagtac ctagcaggcc tttceccacttt 5700
gcctggcaac cccgetgtgg cgtetcecttat ggcgttcace gettetgtca ccagtcecect 5760
gacgaccaac caaactatgt tcttcaacat actcgggggg tgggttgcta cccatttgge 5820
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agggcccecag agctcectteeg cattcegtggt aageggettg gecggcegctg ccataggggg 5880
tataggcctg ggcagggtcect tgattgacat cctggcagga tacggagctg gtgtctcagg 5940
cgecttggtg gettttaaga tcatgggagg agaactcccce actgctgagg acatggtcaa 6000
catgctgect geccatactat cteccgggcge cctegttgte ggtgtgatat gtgcagcecat 6060
actgegtcega cacgtaggac ctggggaggg ggcggtgcag tggatgaaca ggctcatcge 6120
attcgcatcce cggggtaacc acgtctcacc gacgcactat gtccccgaga gcegatgctgce 6180
agcgaaggtt actgcattgce tgagttctct aactgtcaca agtctgctcce ggcgactgca 6240
ccagtggatc aatgaagact acccaagtcc ttgctgegge gactggctge gtaccatctg 6300
ggactgggtt tgcatggtgt tgtctgactt caagacatgg ctctccgecta agattatgece 6360
agcgctecct gggctgectt tectttectg tcagaaggga tacaagggceg tgtggcegggg 6420
agacggtgtg atgtcgacac gctgtcecttg cggggcgaca ataaccggtce atgtgaagaa 6480
tgggtctatg cggcttgcag ggccacgcac atgtgctaac atgtggcacg gtactttcce 6540
catcaatgag tacaccaccg gacccggcac accttgccca gcacccaact acactcgege 6600
attattgcge gtggctgcca acagctacgt tgaggtgcege cgggtggggg acttccacta 6660
cattacgggg gctacagaag atgagctcaa gtgtccgtge caagtgccgg ccgcagagtt 6720
ttttactgag gtggatgggg tgagactcca ccgttacgcc cctccatgca agcccctgtt 6780
gagggatgaa atcactttca tggtagggtt gaactcctac gcaataggat ctcaactccce 6840
ctgtgagccce gaaccagatg tttcectgtgct gacctcgatg ttgagagacce cttceccatat 6900
taccgetgag gcagcagege gecgecttge geatgggtece cctecatcag aggcaagcete 6960
atccgcecage caactgtegg cteccgtegtt gaaggccact tgtcagtcgt atgggcectca 7020
tctggacgcet gagctagtgg atgccaacct gttatggegg caggagatgg gcagcactat 7080
cacacgggta gagtctgaaa caaaggttgt gattcttgat tcattcgaac ctctgagagc 7140
cgaaactgat gacgccgagce tcectecggtgge tgcagagtgt ttcaagaagce ctcccaagta 7200
tcetecagee cttectatet gggctaggcee agactacaac cctcecattgt tagaccgetg 7260
gaaagcaccg gattatgttc caccaactgt tcatggatgc gccttaccac cacggggcegce 7320
tccaccggtg cecteeccecte ggaggaagag aacaattcag ctggatgget ccaatgtgtce 7380
cgeggegeta getgegetag cagaaaagtce attcccegtece tcaaagcecge aggaagagaa 7440
tagctcatce tcaggggteg acacacagtc cagcactacc tctaaggtgce ccccccccece 7500
aggaggggaa tccgactcag agtcgtgctce gtceccatgect ccectcetecgagg gagagcecggg 7560
cgatccggat ttgagctgeg actcttggte cactgtgagt gacaatgagg agcagaacgt 7620
agtctgcetge tccatgtegt actcttggac cggegcecttg ataacaccat gtagtgctga 7680
ggaggagaaa ctacccatca gcccactcag caactceccttg ttgagacacc ataatctggt 7740
ttattcaacg tcgtcaagaa gcgcttcectca gcgtcagaag aaggttacct tcgacaggcet 7800
gcaggtgcte gacgaccact acaaaactgc tttaaaggag gtaaaggagc gagcgtctgg 7860
ggtgaaggct cgcatgctca ccatcgagga agcgtgcaag cttgtccccce cccactetge 7920
ccgttcecgaag ttcgggtata gtgcgaagga cgctcegttece ttgtccagca gggccgttaa 7980
ccagatccge teccgtcectggg aggacttgct ggaagacacc acaactccaa ttccaacaac 8040
catcatggcg aagaacgagg tgttttgtgt ggacccegtt aaggggggcce gcaagcccgce 8100
tcgectecatt gtgtaccetg acctgggggt gecgtgtetgt gagaaacgcg ccctatatga 8160
cgtgatacag aagttgtcaa tcgcgacgat gggtcctget tatggattcce agtactcgcece 8220
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tcagcagcegg gtcgaacgte tgctgaagat gtggacctca aagagaaccce ccctggggtt 8280
ctcgtatgac acccgctget ttgactcgac tgtcactgaa caggatatca gggtggaaga 8340
ggagatatat caatgctgta accttgaacc ggaggccagg aaggtgatct cctecctceac 8400
ggagcggcett tactgcgggg gccccatgtt caacagcaag ggggcccagt gcggttatceg 8460
ccgttgecgt gectagtggag ttcectaccgac cagetttgge aacacaatca cttgttacat 8520
caaggccaca gcggctgcaa gggccgeggg tctecggaac ccggacttte ttgtetgegg 8580
agatgatttg gtcgtggtgg ccgagagtga tggcgtcgac gaggataggg cagccctgag 8640
agccttcacg gaggctatga ccaggtactce tgctccaccce ggagatgctce cacagcctac 8700
ctacgacctt gagctcatca catcttgctce ctctaacgtc tccgtagcac atgacaacaa 8760
ggggaggagg tattactacc tcacccgtga tgccactact cccctggecce gtgeggettyg 8820
ggaaacagct cgtcacactc cagttaactc ctggttgggc aacatcatca tgtacgcgece 8880
taccatctgg gtgcgcatgg tgatgatgac acactttttc tccatactcc aatcccagga 8940
gatacttgat cgccceccttg attttgaaat gtacggggec acttactctg tcactccget 9000
ggatttacca gcaatcattg aaagactcca tggtctaagc gcgttcacac tccacagtta 9060
ctcteccagta gaactcaata gggtcgeggg gacactcagg aagcttgggt gecccccect 9120
acgagcttgg agacatcggg cacgagcagt gcgcgctaag cttattgcce agggaggtaa 9180
ggccaaaata tgtggccttt atctctttaa ctgggcagta cgcaccaaga ccaaactcac 9240
tccactgeca gecgctagee agttggactt atccaattgg tttteggttg gegtceggegg 9300
gaacgacatt tatcacagcg tgtcacatgc ccgaacccgce catttgctgce tttgectact 9360
cctactaact gtaggggtag gcatctttct cctgccagca cgataagctg gtaggataac 9420
actccattcee ttttececttg tttttatttt tttttttttt tttttttttt tttttteeet 9480
ttcttttttt tttttttttt tttttttttg tttttectet ttccattett ttctaacctt 9540
aaattttecct ttctttaggt ggctccatct tagccctagt cacggctage tgtgaaaggt 9600
ccgtgagecg catgactgca gagagtgccg taactggtet ctctgcagat catgt 9655
<210> SEQ ID NO 51
<211> LENGTH: 9655
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<220> FEATURE:

<223> OTHER INFORMATION:

genomic replicon RNA

<400> SEQUENCE: 51

gacctgecte

cttcacgegy

cceecteceyg

gtgaccgggt

cgagatcact

tgcttgegag

ccaaagaaaa

cggacagatc

ttacgaggceg

aaagcgecta

ggagagccat

cctttettygy

agccgagtag

tgccceggga

accaaaagaa

gttggtggag

acactccacc

geccatggegt

agtggtctge

aacaacccgce

tgttgggtcg

ggtctegtag

acaccatceg

tatacgtgtt

atggatcact

tagtacgagt

ggaaccggtg

tcaataccca

cgaaaggect

accgtgcaac

tcgeccacag

geegegeagy

cDNA sequence of mutant S310A

ccectgtgag

gtegtgecage

agtacaccgg

gaaatttggg

tgtggtactyg

atgagcacac

gacgtcaagt

ggcccacggt

R2895K HCV full

gaacttctgt

ctccaggace

aatcgetggyg

cgtgeececey

cctgataggyg

ttcctaaace

tCCnggtgg

tgggtgtgcg

60

120

180

240

300

360

420

480
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cgeggegegt aaaacttctg aacggtcaca gectegtgga cggeggcage ctatccccac 540
ggcgegtegyg agcgaaggece ggtectggge tcageccggg tacccttgge cectetatgg 600
taatgagggce tgcgggtggg cagggtgget cetgtceceeg cgeggctece gtccatettg 660
gggcccgaac gacccccgge gaaggtccceg caacttgggt aaagtcatcg ataccctceac 720
gtgcegggtte gecgacctca tggggtacat cccgetegte ggegeteceg tagggggegt 780
cgcaagagcet ctcgegecatg gegtgaggge cettgaagac gggataaatt tcegcaacagg 840
gaacttgccect ggttgctcect tttectatctt ccttettget ctgetttett gcttagteca 900
tcctgecaget agtttagagt ggcggaatge atctggecte tacatcctta ccaacgactg 960
tceccaacage agtattgtgt atgaggccga tgatgttatt ctgcacacac ccggctgtat 1020
accttgtgtt caggacggca ataaatccac gtgctggacc tcagtgacac ctacagtggce 1080
agtcaggtac gtcggagcaa ccaccgcttce gatacgcagt catgtggacc tattagtggg 1140
cgcggcecacg atgtgctetg cgctctacgt gggtgatatg tgtggggccg tettecttgt 1200
gggacaagcc ttcacgttca gacctcecgteg ccatcaaacg gtccagacct gtaactgcetce 1260
actgtacccg ggccatctet caggacaccg aatggcttgg gatatgatga tgaactggtce 1320
ccecgetatg ggtatggtgg tagcgcacat cctacgtetg cctcagacct tgtttgacat 1380
aatagcecggg gceccattggg gcatcttgge ggggctagece tattactcca tgcagggcaa 1440
ctgggccaag gtcgctatca tcatggttat gttttcaggg gtcgatgcca ctacatatac 1500
caccggtgge gcagtagetce atggcgccaa gggactaact agtcttttta gtetgggegce 1560
ccaacagaaa ctgcagttgg tcaacaccaa tggctcctgg cacatcaaca ggactgccct 1620
gaactgcaat gagtccatac acacggggtt cgtagctggg ttgttttact atcataagtt 1680
caactctact ggatgccctce aaaggctcag cagctgcaag cccatcactt ccttcaagca 1740
ggggtggggce tccctgacag atgctaacat caccgggtet tcetgaggaca aaccgtactg 1800
ctggcactac gcacccagac cttgcacaac tgttcaagca tcaagtgtct geggccctgt 1860
gtactgctte acaccatcge cagtggttgt gggcactact gatgctgagg gcgtcccaac 1920
ctatacctgg ggtggaaata agacagacgt gttcctgcetg aagtccttge ggcctceccaa 1980
cggtcagtgg tttgggtgca cgtggatgaa ctccacgggg tttaccaaga cgtgcggggce 2040
tcececttgt aacatctatg ggggtaaagg gagtcatcac aatgattcag acctcatctg 2100
ccctaccgac tgtttcagga aacatcccga ggecacatac agecggtgeyg gtgeggggece 2160
ctggttgaca cctcgatgca tggtcgacta tccataccgg ctttggcatt acccgtgcac 2220
agtcaatttt tcattgttca aggtgaggat gtttgtgggt gggtttgagc accggttcac 2280
cgecgettge aactggacca ggggggageg ctgcgatate gaggatcgeg accgcagcga 2340
gcaacacceg ctgctgecatt caacgaccga gctcgctata ctgecttget ccttecacgece 2400
catgcctgeg ttgtcaacag gtttaataca cctceccaccaa aacatcgtgg atgtccagta 2460
cctttatgge gttggatctyg gcatggtggg atgggcgcetg aaatgggagt tegtcegtect 2520
cgttttecte ctecctagcag acgcacgcgt gtgegttget ctttggctga tgctgatgat 2580
atcacaagca gaagcagcct tggagaacct tgtcacgcetg aacgccatcg ctgctgececgg 2640
gacacatggt attggttggt actttgtagc cttttgcgeg gcatggtacg tgcggggtaa 2700
gcttgteeeg ctggtgacct acagcctgac gggtcectcectgg tetectggegt tgctegtect 2760
cttgctecece cagcecgggegt acgcctggte aggtgaagac agcgctacte ttggegetgg 2820
gatcttggte ctetttggcet tctttacctt gtcaccctgg tataagcatt ggatcggecyg 2880
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cctcatgtgg tggaaccagt acaccatatg tagatgcgag gccgccctece aagtgtgggt 2940
ccecceectta ctegecacgeg ggagtaggga cggtgttatce ctgctaacaa gtcectgcttta 3000
tccatcttta atttttgaca tcaccaagct actgatagca gtattgggcce cattatactt 3060
aatacaggct gccatcactg ccacccecta ctttgtgegt gcacatgtat tggttcegect 3120
ttgcatgctce gtgcgctetyg taatgggggg aaaatacttc cagatgatca tactgagcat 3180
tggcagatgg tttaacacct atctgtacga ccacctagcg ccaatgcaat attgggctgce 3240
agctggectce aaagacctag cagtggccac tgaacctgtg atatttagtce ccatggaaac 3300
caaggtcatc acctggggcg cggacacagc ggcttgcgga gatattcttt gegggctgece 3360
cgtcteegeg cgactaggec gtgaggtgtt gttgggacct gectgatgatt accgggagat 3420
gggttggege ctgttggcce caatcacagce atacgcccag caaaccaggg gccttcettgg 3480
gactattgtg accagcttga ctggcaggga taagaatgtg gtgaccggcg aagtgcaggt 3540
gctttctacg gctacccaga ccttectagg tacaacaata gggggggtta tgtggactgt 3600
ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa catcctgcge tccaaatgta 3660
cacaaatgta gatcaggacc tcgttgggtg gccagccect ccaggggcta agtctcecttga 3720
accgtgcacce tgcgggtetg cagacttata cttggttacce cgcgatgctg acgtcatccce 3780
cgcteggege aggggggact ccacagcgag cttgctcage cctaggcecte tegectgtet 3840
caagggctcce tctggaggtce cegttatgtg cceccttegggg catgtcacgg ggatcttteg 3900
ggctgctgtyg tgcaccagag gtgtagcaaa gaccctacag ttcataccag tggaaaccct 3960
tagtacacag actaggtccc catccttcte tgacaattca actcctcceg cegteccaca 4020
gagctaccaa gtagggtatc ttcatgcccce gaccggtagt ggcaagagca caaaggtcecce 4080
ggccgcttac gtagcacaag gataccatgt tctcegtgttg aatccatcag tggcggcecac 4140
actaggcttc ggctcttaca tgtcgaaagce ctatgggatc gaccccaacg tccgcactgg 4200
gaaccgcact gtcacaactg gtgctaaact gacctattcc acctacggta agtttctege 4260
ggatgggggt tgctctgggg gagcgtatga tgtgattatt tgtgatgaat gccatgcecca 4320
agacgctact accatattgg gtattggcac ggtcttagat caggctgaga cggctggggt 4380
gaggctgacg gttctggcga cagcaactcce cccaggcagce atcactgtgce cacattctaa 4440
catcgaggag gtagccctgg gcetctgaagg tgagatcect ttctacggta aggctatacce 4500
gatagcccag ctcaaggggg ggaggcacct tatcttttge cattccaaga aaaagtgtga 4560
tgagatagca tccaagctca gaggcatggg gctcaacgct gtagcattct ataggggtct 4620
tgatgtgtcce atcataccaa cagcaggaga cgtcgtggtt tgcgccactg acgccctcat 4680
gactgggtac accggagact ttgattctgt catagattgc aacgtgactg ttgaacagta 4740
cgttgacttc agcttggacc ccacctttte cattgagact cacactgctce cccaagacgce 4800
ggtttcecege agccaacgte gtggccgtac gggccggggt agactceggca tataccgata 4860
tgtcaccceg ggtgaaagac cgtctggaat gtttgacteg gttgttctet gtgagtgceta 4920
tgatgcgggce tgctegtggt acgatctgca gcccgctgag actacagtca gactgagagce 4980
ttacttgtcce acgccgggtt tacctgtctg tcaagaccat cttgactttt gggagagegt 5040
ctttactgga ctaactcaca tagatgccca ctttctgtca cagactaagce agcagggact 5100
caacttccecg tacctgactg cctaccaagce cactgtgtge gecccgecgcecge aggctcectcece 5160
cccaagttgg gacgagacgt ggaaatgtct cgtacggcett aaaccaacac tacatggacc 5220
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cacgccectt ctgtatcggt tggggcctat ccaaaatgaa acctgcttga cacaccccegt 5280
cacaaaatac atcatggcat gcatgtcagc tgatctggaa gtgaccacca gcgcecctgggt 5340
gttgcttgga ggggtgctcg cggccctage ggcttactge ttgtcagtcg gctgegttgt 5400
gatcgtgggt catattgagce tggggggcaa gccagcactc gttccagaca aagaggtgtt 5460
gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagcet gccccatata tcgaacaagce 5520
tcaggtaata gcccaccagt tcaaggagaa agtccttgga ttgctgcagce gagccaccca 5580
acaacaagct gtcattgagc ccatagtagc taccaactgg caaaagcttg aggcgttcetg 5640
gcacaagcat atgtggaatt ttgtgagtgg gatccagtac ctagcaggcc tttceccacttt 5700
gcctggcaac cccgetgtgg cgtetcecttat ggcgttcace gettetgtca ccagtcecect 5760
gacgaccaac caaactatgt tcttcaacat actcgggggg tgggttgcta cccatttgge 5820
agggcccecag agctcectteeg cattcegtggt aageggettg gecggcegctg ccataggggg 5880
tataggcctg ggcagggtcect tgattgacat cctggcagga tacggagctg gtgtctcagg 5940
cgecttggtg gettttaaga tcatgggagg agaactcccce actgctgagg acatggtcaa 6000
catgctgect geccatactat cteccgggcge cctegttgte ggtgtgatat gtgcagcecat 6060
actgegtcega cacgtaggac ctggggaggg ggcggtgcag tggatgaaca ggctcatcge 6120
attcgcatcce cggggtaacc acgtctcacc gacgcactat gtccccgaga gcegatgctgce 6180
agcgaaggtt actgcattgce tgagttctct aactgtcaca agtctgctcce ggcgactgca 6240
ccagtggatc aatgaagact acccaagtcc ttgctgegge gactggctge gtaccatctg 6300
ggactgggtt tgcatggtgt tgtctgactt caagacatgg ctctccgecta agattatgece 6360
agcgctecct gggctgectt tectttectg tcagaaggga tacaagggceg tgtggcegggg 6420
agacggtgtg atgtcgacac gctgtcecttg cggggcgaca ataaccggtce atgtgaagaa 6480
tgggtctatg cggcttgcag ggccacgcac atgtgctaac atgtggcacg gtactttcce 6540
catcaatgag tacaccaccg gacccggcac accttgccca gcacccaact acactcgege 6600
attattgcge gtggctgcca acagctacgt tgaggtgcege cgggtggggg acttccacta 6660
cattacgggg gctacagaag atgagctcaa gtgtccgtge caagtgccgg ccgcagagtt 6720
ttttactgag gtggatgggg tgagactcca ccgttacgcc cctccatgca agcccctgtt 6780
gagggatgaa atcactttca tggtagggtt gaactcctac gcaataggat ctcaactccce 6840
ctgtgagccce gaaccagatg tttcectgtgct gacctcgatg ttgagagacce cttceccatat 6900
taccgetgag gcagcagege gecgecttge gegtgggtece cctecatcag aggcaagcete 6960
atccgcecage caactgtegg cteccgtegtt gaaggccact tgtcagtcgt atgggcectca 7020
tctggacgcet gagctagtgg atgccaacct gttatggegg caggagatgg gcagcactat 7080
cacacgggta gagtctgaaa caaaggttgt gattcttgat tcattcgaac ctctgagagc 7140
cgaaactgat gacgccgagce tcectecggtgge tgcagagtgt ttcaagaagce ctcccaagta 7200
tcetecagee cttectatet gggctaggcee agactacaac cctcecattgt tagaccgetg 7260
gaaagcaccg gattatgttc caccaactgt tcatggatgc gccttaccac cacggggcegce 7320
tccaccggtg cecteeccecte ggaggaagag aacaattcag ctggatgget ccaatgtgtce 7380
cgeggegeta getgegetag cagaaaagtce attcccegtece tcaaagcecge aggaagagaa 7440
tagctcatce tcaggggteg acacacagtc cagcactacc tctaaggtgce ccccccccece 7500
aggaggggaa tccgactcag agtcgtgctce gtceccatgect ccectcetecgagg gagagcecggg 7560
cgatccggat ttgagctgeg actcttggte cactgtgagt gacaatgagg agcagaacgt 7620
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agtctgcetge tccatgtegt actcttggac cggegcecttg ataacaccat gtagtgctga 7680
ggaggagaaa ctacccatca gcccactcag caactceccttg ttgagacacc ataatctggt 7740
ttattcaacg tcgtcaagaa gcgcttcectca gcgtcagaag aaggttacct tcgacaggcet 7800
gcaggtgcte gacgaccact acaaaactgc tttaaaggag gtaaaggagc gagcgtctgg 7860
ggtgaaggct cgcatgctca ccatcgagga agcgtgcaag cttgtccccce cccactetge 7920
ccgttcecgaag ttcgggtata gtgcgaagga cgctcegttece ttgtccagca gggccgttaa 7980
ccagatccge teccgtcectggg aggacttgct ggaagacacc acaactccaa ttccaacaac 8040
catcatggcg aagaacgagg tgttttgtgt ggacccegtt aaggggggcce gcaagcccgce 8100
tcgectecatt gtgtaccetg acctgggggt gecgtgtetgt gagaaacgcg ccctatatga 8160
cgtgatacag aagttgtcaa tcgcgacgat gggtcctget tatggattcce agtactcgcece 8220
tcagcagcegg gtcgaacgte tgctgaagat gtggacctca aagagaaccce ccctggggtt 8280
ctcgtatgac acccgctget ttgactcgac tgtcactgaa caggatatca gggtggaaga 8340
ggagatatat caatgctgta accttgaacc ggaggccagg aaggtgatct cctecctceac 8400
ggagcggcett tactgcgggg gccccatgtt caacagcaag ggggcccagt gcggttatceg 8460
ccgttgecgt gectagtggag ttcectaccgac cagetttgge aacacaatca cttgttacat 8520
caaggccaca gcggctgcaa gggccgeggg tctecggaac ccggacttte ttgtetgegg 8580
agatgatttg gtcgtggtgg ccgagagtga tggcgtcgac gaggataggg cagccctgag 8640
agccttcacg gaggctatga ccaggtactce tgctccaccce ggagatgctce cacagcctac 8700
ctacgacctt gagctcatca catcttgctce ctctaacgtc tccgtagcac atgacaacaa 8760
ggggaggagg tattactacc tcacccgtga tgccactact cccctggecce gtgeggettyg 8820
ggaaacagct cgtcacactc cagttaactc ctggttgggc aacatcatca tgtacgcgece 8880
taccatctgg gtgcgcatgg tgatgatgac acactttttc tccatactcc aatcccagga 8940
gatacttgat cgccceccttg attttgaaat gtacggggec acttactctg tcactccget 9000
ggatttacca gcaatcattg aaaaactcca tggtctaagc gcgttcacac tccacagtta 9060
ctcteccagta gaactcaata gggtcgeggg gacactcagg aagcttgggt gecccccect 9120
acgagcttgg agacatcggg cacgagcagt gcgcgctaag cttattgcce agggaggtaa 9180
ggccaaaata tgtggccttt atctctttaa ctgggcagta cgcaccaaga ccaaactcac 9240
tccactgeca gecgctagee agttggactt atccaattgg tttteggttg gegtceggegg 9300
gaacgacatt tatcacagcg tgtcacatgc ccgaacccgce catttgctgce tttgectact 9360
cctactaact gtaggggtag gcatctttct cctgccagca cgataagctg gtaggataac 9420
actccattcee ttttececttg tttttatttt tttttttttt tttttttttt tttttteeet 9480
ttcttttttt tttttttttt tttttttttg tttttectet ttccattett ttctaacctt 9540
aaattttecct ttctttaggt ggctccatct tagccctagt cacggctage tgtgaaaggt 9600
ccgtgagecg catgactgca gagagtgccg taactggtet ctctgcagat catgt 9655
<210> SEQ ID NO 52
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

primer 2210R

<400> SEQUENCE: 52
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cgacagttgyg atggcggatg a

<210> SEQ ID NO 53
<211> LENGTH: 21

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer 2210F

<400> SEQUENCE: 53

tcatcecgeca tccaactgte g

<210> SEQ ID NO 54
<211> LENGTH: 7995

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polynucleotide
<220> FEATURE:

<223> OTHER INFORMATION:

subgenomic replicon RNA

<400> SEQUENCE: 54

gacctgecte

cttcacgegy

cceecteceyg

gtgaccgggt

cgagatcact

tgcttgegag

ccaaagaaaa

cgcaggttet

aatcggetge

tgtcaagacc

gtggetggee

aagggactgg

tcctgecgag

ggctacctge

ggaagccggt

cgaactgtte

tggcgatgec

ctgtggccgg

tgctgaagag

tcecegatteg

cctetececte

cgtttgtcta

aacctggecc

tgcaaggtct

caacgtctgt

ttacgaggceg

aaagcgecta

ggagagccat

cctttettygy

agccgagtag

tgccceggga

accaaaagaa

ceggeagett

tctgatgecyg

gacctgtecyg

acgacgggcyg

ctgctattgg

aaagtatcca

ccattegace

cttgtegate

gccaggcetcea

tgcttgecga

ctgggtgtgg

cttggcggcg

cagcgcateg

cececeeccecect

tatgttattt

tgtcttetty

gttgaatgte

agcgaccctt

acactccacc

geccatggegt

agtggtctge

aacaacccgce

tgttgggtcg

ggtctegtag

acaccatceg

gggtggagag

cegtgttecyg

gtgccctgaa

ttcettgege

gcgaagtgee

tcatggctga

accaagcgaa

aggatgatct

aggcgegeat

atatcatggt

cggaccgeta

aatgggctga

ccttetateg

aacgttactg

tccaccatat

acgagcattce

gtgaaggaag

tgcaggcage

atggatcact

tagtacgagt

ggaaccggtg

tcaataccca

cgaaaggect

accgtgcaac

tcgeccaatg

getattegge

getgtceageyg

tgaactgcag

agctgtgete

ggggcaggat

tgcaatgcgyg

acatcgcatce

ggacgaagag

gecegacgge

ggaaaatggce

tcaggacata

cecgettecte

ccttettgac

gecgaagecyg

tgcegtettt

ctaggggtct

cagttectet

ggaaccccce

cDNA sequence of mutant S310A

ccectgtgag

gtegtgecage

agtacaccgg

gaaatttggg

tgtggtactyg

atgagcacac

attgaacaag

tatgactggyg

caggggcgcc

gacgaggcag

gacgttgtca

ctcctgteat

cggetgeata

gagcgagcac

catcagggge

gaggatcteg

cgettttetyg

gegttggeta

gtgctttacg

gagttettet

cttggaataa

tggcaatgty

ttccectete

ggaagcttet

acctggcgac

21
Synthetic
21
Synthetic

S2210I HCV
gaacttctgt 60
ctccaggacce 120
aatcgctggyg 180
cgtgcceceecy 240
cctgataggyg 300
ttcctaaacce 360
atggattgca 420
cacaacagac 480
cggttetttt 540
cgcggctatce 600
ctgaagcggyg 660
ctcaccttge 720
cgcttgatcce 780
gtactcggat 840
tcgegecage 900
tcgtgaccca 960
gattcatcga 1020
ccegtgatat 1080
gtatcgecgce 1140
gagtttaaac 1200
ggcceggtgtyg 1260
agggcccegga 1320
gccaaaggaa 1380
tgaagacaaa 1440
aggtgcctcect 1500
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geggccaaaa gccacgtgta taagatacac ctgcaaaggce ggcacaaccce cagtgccacyg 1560
ttgtgagttg gatagttgtg gaaagagtca aatggctctc ctcaagcgta ttcaacaagg 1620
ggctgaagga tgcccagaag gtaccccatt gtatgggatc tgatctgggg ccteggtgca 1680
catgctttac atgtgtttag tcgaggttaa aaaaacgtct aggcccccecg aaccacgggg 1740
acgtggtttt cctttgaaaa acacgatgat accatggccc cgatcactgce ttacgcccag 1800
caaaccaggg gccttcttgg gactattgtg accagcttga ctggcaggga taagaatgtg 1860
gtgaccggceg aagtgcaggt gctttctacg gctacccaga ccttectagg tacaacaata 1920
gggggggtta tgtggactgt ttaccatggc gcaggctcaa ggacacttgc gggcgctaaa 1980
catcctgege tccaaatgta cacaaatgta gatcaggacc tcgttgggtg gcecagcccect 2040
ccaggggcta agtctcttga accgtgcacce tgcgggtcetg cagacttata cttggttacce 2100
cgegatgetyg acgtcatcce cgctceggege aggggggact ccacagcegag cttgetcage 2160
cctaggectce tecgectgtet caagggctcee tcectggaggte cegttatgtg cecttegggg 2220
catgtcacgg ggatcttteg ggctgctgtg tgcaccagag gtgtagcaaa gaccctacag 2280
ttcataccag tggaaaccct tagtacacag actaggtccc catccttcte tgacaattca 2340
actccteceg cecgteccaca gagctaccaa gtagggtatce ttcatgccce gaccggtagt 2400
ggcaagagca caaaggtccce ggccgcttac gtagcacaag gataccatgt tctegtgttg 2460
aatccatcag tggcggccac actaggcttce ggctcttaca tgtcgaaagce ctatgggatce 2520
gaccccaacg tccgcactgg gaaccgcact gtcacaactg gtgctaaact gacctattcece 2580
acctacggta agtttctecge ggatgggggt tgctctgggg gagcgtatga tgtgattatt 2640
tgtgatgaat gccatgccca agacgctact accatattgg gtattggcac ggtcttagat 2700
caggctgaga cggcetggggt gaggctgacg gttcetggega cagcaactcece cccaggcage 2760
atcactgtgce cacattctaa catcgaggag gtagccctgg gectctgaagg tgagatccect 2820
ttctacggta aggctatacc gatagcccag ctcaaggggg ggaggcacct tatcttttge 2880
cattccaaga aaaagtgtga tgagatagca tccaagctca gaggcatggg gctcaacgct 2940
gtagcattct ataggggtct tgatgtgtcc atcataccaa cagcaggaga cgtcgtggtt 3000
tgcgccactg acgccecctcecat gactgggtac accggagact ttgattctgt catagattgce 3060
aacgtgactg ttgaacagta cgttgacttc agcttggacc ccacctttte cattgagact 3120
cacactgcte cccaagacgce ggttteecege agecaacgte gtggecgtac gggecggggt 3180
agactcggca tataccgata tgtcaccccg ggtgaaagac cgtctggaat gtttgactcg 3240
gttgttctet gtgagtgcta tgatgcggge tgctegtggt acgatctgca gcccgctgag 3300
actacagtca gactgagagc ttacttgtcce acgccgggtt tacctgtctg tcaagaccat 3360
cttgactttt gggagagcgt ctttactgga ctaactcaca tagatgccca ctttctgtca 3420
cagactaagc agcagggact caacttcccg tacctgactg cctaccaagce cactgtgtgce 3480
gccegegege aggctectcee cccaagttgg gacgagacgt ggaaatgtct cgtacggett 3540
aaaccaacac tacatggacc cacgcccctt ctgtatcggt tggggcecctat ccaaaatgaa 3600
acctgcttga cacacccegt cacaaaatac atcatggcat gcatgtcage tgatctggaa 3660
gtgaccacca gcgectgggt gttgcttgga ggggtgcteg cggccctagce ggcttactge 3720
ttgtcagtcg gectgegttgt gatcgtgggt catattgage tggggggcaa gccagcactce 3780
gttccagaca aagaggtgtt gtatcaacaa ttcgatgaga tggaggagtg ctcgcaagct 3840
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gccccatata tcgaacaagce tcaggtaata gcccaccagt tcaaggagaa agtccttgga 3900
ttgctgcage gagccaccca acaacaagct gtcattgage ccatagtagce taccaactgg 3960
caaaagcttg aggcgttctg gcacaagcat atgtggaatt ttgtgagtgg gatccagtac 4020
ctagcaggcce tttccacttt gectggcaac ccegectgtgg cgtctcecttat ggecgttcecace 4080
gcttetgteca ccagtcccecct gacgaccaac caaactatgt tettcaacat actcecgggggyg 4140
tgggttgcta cccatttggce agggccccag agctcttecg cattecgtggt aagcggettg 4200
gcecggegetyg ccataggggg tataggectg ggcagggtcet tgattgacat cctggcagga 4260
tacggagctg gtgtctcagg cgccttggtg gcttttaaga tcatgggagg agaactcccce 4320
actgctgagg acatggtcaa catgctgcct gccatactat ctccgggcecge cctegttgte 4380
ggtgtgatat gtgcagccat actgcgtcga cacgtaggac ctggggaggg ggcggtgcag 4440
tggatgaaca ggctcatcge attcgcatce cggggtaacc acgtctcacc gacgcactat 4500
gtcececgaga gcegatgetge agcgaaggtt actgcattge tgagttcectcet aactgtcaca 4560
agtctgctcece ggcgactgca ccagtggatce aatgaagact acccaagtcce ttgctgecggce 4620
gactggctge gtaccatctg ggactgggtt tgcatggtgt tgtctgactt caagacatgg 4680
ctctecgeta agattatgec agecgcteccct gggcectgectt tectttectg tcagaaggga 4740
tacaagggcg tgtggcgggg agacggtgtg atgtcgacac gectgtcecttg cggggcgaca 4800
ataaccggtc atgtgaagaa tgggtctatg cggcttgcag ggccacgcac atgtgctaac 4860
atgtggcacg gtactttccce catcaatgag tacaccaccg gacccggcac accttgccca 4920
gcacccaact acactcgcge attattgege gtggctgcca acagctacgt tgaggtgcege 4980
cgggtggggg acttccacta cattacgggg gctacagaag atgagctcaa gtgtccgtgce 5040
caagtgccgg ccgcagagtt ttttactgag gtggatgggg tgagactcca ccgttacgcece 5100
cctccatgca agccectgtt gagggatgaa atcactttca tggtagggtt gaactcectac 5160
gcaataggat ctcaactcce ctgtgagccce gaaccagatg tttcectgtget gacctcgatg 5220
ttgagagacc cttcccatat taccgctgag gcagcagcegce gcecgecttge gegtgggtcece 5280
cctccatcag aggcaagctce atccgccatce caactgtegg ctcecegtegtt gaaggccact 5340
tgtcagtegt atgggcctca tetggacgct gagctagtgg atgccaacct gttatggegg 5400
caggagatgg gcagcactat cacacgggta gagtctgaaa caaaggttgt gattcttgat 5460
tcattcgaac ctctgagagc cgaaactgat gacgccgagce tctcecggtgge tgcagagtgt 5520
ttcaagaagc ctcccaagta tcecctccagce cttectatet gggctaggece agactacaac 5580
ccteccattgt tagaccgcetg gaaagcaccg gattatgttc caccaactgt tcatggatgce 5640
gecttaccac cacggggcege tccaccggtg ccteceecte ggaggaagag aacaattcag 5700
ctggatggct ccaatgtgte cgcggcgcta gctgcgctag cagaaaagtce attcccgtcece 5760
tcaaagccege aggaagagaa tagctcatcce tcaggggteg acacacagtce cagcactace 5820
tctaaggtgce cccceccceee aggaggggaa tccgactcag agtcecgtgcte gtecatgect 5880
cctetegagg gagagcecggg cgatccggat ttgagctgeg actcttggte cactgtgagt 5940
gacaatgagg agcagaacgt agtctgctgce tccatgtcgt actcttggac cggcgcecttg 6000
ataacaccat gtagtgctga ggaggagaaa ctacccatca gcccactcag caactcecttg 6060
ttgagacacc ataatctggt ttattcaacg tcgtcaagaa gcgcttctca gegtcagaag 6120
aaggttacct tcgacaggct gcaggtgctc gacgaccact acaaaactgce tttaaaggag 6180
gtaaaggagce gagegtctgg ggtgaaggct cgcatgetca ccatcgagga agegtgcaag 6240
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cttgtceccce ceccactcectge cegttcecgaag ttegggtata gtgcgaagga cgctegttcece 6300
ttgtccagca gggccgttaa ccagatccge tcegtcectggg aggacttgcet ggaagacacce 6360
acaactccaa ttccaacaac catcatggcg aagaacgagg tgttttgtgt ggaccccgtt 6420
aaggggggcce gcaagcccege tcegectcatt gtgtaccecetg acctgggggt gegtgtetgt 6480
gagaaacgcg ccctatatga cgtgatacag aagttgtcaa tcgcgacgat gggtcecctget 6540
tatggattcc agtactcgcec tcagcagcgg gtcgaacgtce tgctgaagat gtggacctca 6600
aagagaaccc ccctggggtt ctegtatgac accecgctget ttgactcgac tgtcactgaa 6660
caggatatca gggtggaaga ggagatatat caatgctgta accttgaacc ggaggccagg 6720
aaggtgatct cctcectcac ggagceggcett tactgcgggg gecccatgtt caacagcaag 6780
ggggcccagt geggttatcg ccecgttgeegt gectagtggag ttcectaccgac cagetttgge 6840
aacacaatca cttgttacat caaggccaca geggctgcaa gggecgceggyg tctecggaac 6900
ccggacttte ttgtctgegg agatgatttg gtegtggtgg ccgagagtga tggcgtcgac 6960
gaggataggg cagccctgag agecttcacg gaggctatga ccaggtactce tgctccaccce 7020
ggagatgctc cacagcctac ctacgacctt gagctcatca catcttgectce ctctaacgte 7080
tcegtagecac atgacaacaa ggggaggagg tattactacc tcacccgtga tgccactact 7140
ccectggece gtgcecggcecttyg ggaaacagct cgtcacactce cagttaacte ctggttgggce 7200
aacatcatca tgtacgcgcc taccatctgg gtgcgcatgg tgatgatgac acacttttte 7260
tccatactce aatcccagga gatacttgat cgccccecttg attttgaaat gtacggggcece 7320
acttactctg tcactccget ggatttacca gcaatcattg aaagactcca tggtctaagce 7380
gcgttcacac tccacagtta ctcectccagta gaactcaata gggtcgceggg gacactcagg 7440
aagcttgggt gccccccect acgagettgg agacatcggg cacgagcagt gcegegetaag 7500
cttattgcce agggaggtaa ggccaaaata tgtggccttt atctctttaa ctgggcagta 7560
cgcaccaaga ccaaactcac tccactgcca gccgctagece agttggactt atccaattgg 7620
tttteggttyg gegteggegyg gaacgacatt tatcacageg tgtcacatge ccgaacccgce 7680
catttgctgce tttgcctact cctactaact gtaggggtag gcatctttet cctgccagca 7740
cgataagctg gtaggataac actccattce ttttceccettg tttttatttt tttttttttt 7800
tttttttttt tttttttttt ttcttttttt tttttttttt tttttttttg tttttectet 7860
ttccattett ttctaacctt aaattttcct ttetttaggt ggctccatcet tageccctagt 7920
cacggctagce tgtgaaaggt ccgtgagccg catgactgca gagagtgccg taactggtcet 7980
ctctgcagat catgt 7995

The invention claimed is:

1. A nucleic acid comprising, in the following order, a 5'
untranslated region comprising a nucleotide sequence of
nucleotides 1 to 340 of SEQ ID NO: 1; a nucleotide
sequence encoding an amino acid sequence of an NS3
protein of amino acids 1033 to 1663, a nucleotide sequence
encoding an amino acid sequence of an NS4A protein of
amino acids 1664 to 1717, a nucleotide sequence encoding
an amino acid sequence of an NS4B protein of amino acids
1718 to 1978, a nucleotide sequence encoding an amino acid
sequence of an NS5A protein of amino acids 1979 to 2430,
a nucleotide sequence encoding an amino acid sequence of
an NS5B protein of amino acids 2431 to 3021 of SEP ID
NO: 14; and a 3' untranslated region comprising a nucleotide
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sequence of nucleotides 9407 to 9655 of SEQ ID NO: 1,
which are of a genome of a hepatitis C virus of genotype 3a,
provided that if the nucleic acid is RNA, thymine (t) in the
nucleotide sequence is replaced with uracil (u), and com-
prising nucleotide mutation(s), wherein the nucleotide muta-
tion(s) include a nucleotide mutation that causes at least one
amino acid substitution of the following (a) to (g), as defined
on the basis of the amino acid sequence shown in SEQ ID
NO: 14:
(a) a substitution of threonine at position 1286 with
isoleucine;
(b) a substitution of threonine at position 2188 with
alanine;
(c) a substitution of arginine at position 2198 with histi-
dine;
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(d) a substitution of serine at position 2210 with isoleu-

cine;

(e) a substitution of threonine at position 2496 with

isoleucine;

(f) a substitution of arginine at position 2895 with glycine;

or
(g) a substitution of arginine at position 2895 with lysine.
2. The nucleic acid according to claim 1, further com-
prising a nucleotide sequence encoding a Core protein, a
nucleotide sequence encoding an El protein, a nucleotide
sequence encoding an E2 protein, a nucleotide sequence
encoding a p7 protein, and a nucleotide sequence encoding
an NS2 protein of a hepatitis C virus genome.
3. The nucleic acid according to claim 2, wherein:
the nucleotide sequence encoding the Core protein
encodes the amino acid sequence of Core protein of
amino acids 1 to 191 of SEQ ID NO: 14,

the nucleotide sequence encoding the E1 protein encodes
the amino acid sequence of E1 protein of amino acids
192 to 383 of SEQ ID NO: 14,

the nucleotide sequence encoding the E2 protein encodes
the amino acid sequence of E2 protein of amino acids
384 to 752 of SEQ ID NO: 14,

the nucleotide sequence encoding the p7 protein encodes
the amino acid sequence of p7 protein of amino acids
753 to 815 of SEQ ID NO: 14, and

the nucleotide sequence encoding the NS2 protein
encodes the amino acid sequence of NS2 protein of
amino acids 816 to 1032 of SEQ ID NO: 14.

4. The nucleic acid according to claim 1 comprising the
nucleotide sequence shown in any of SEQ ID NOs: 17 to 23
and 54.

5. A full-genomic replicon RNA of hepatitis C virus
comprising the nucleic acid according to claim 2.

6. The nucleic acid according to claim 2, wherein said
nucleic acid is a chimeric nucleic acid derived from the
genomes of two or more hepatitis C virus strains and
comprises, in the following order, from the 5' to 3' direction:

the nucleotide sequence encoding the Core protein, the

nucleotide sequence encoding the El protein, the
nucleotide sequence encoding the E2 protein, and the
nucleotide sequence encoding the p7 protein of a
hepatitis C virus genome other than the hepatitis C
virus genome shown in SEQ ID NO: 1;
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the nucleotide sequence encoding the NS2 protein of
nucleotides 2786 to 3436 of SEQ ID NO: 1, the
nucleotide sequence encoding the NS2 protein of a
hepatitis C virus genome other than the hepatitis C
virus genome shown in SEQ ID NO: 1, or a chimeric
NS2 protein consisting of a part of the nucleotide
sequence encoding an NS2 protein consisting of
nucleotides 2786 to 3436 of SEQ ID NO: 1 linked to a
part of the nucleotide sequence encoding an NS2
protein of a hepatitis C virus genome other than the
hepatitis C virus genome shown in SEQ ID NO: 1; and

the nucleotide sequence encoding the NS3 protein con-
sisting of nucleotides 3437 to 5329, the nucleotide
sequence encoding the NS4A protein consisting of
nucleotides 5330 to 5491, the nucleotide sequence
encoding the NS4B protein consisting of nucleotides
5492 to 6274, the nucleotide sequence encoding the
NSS5A protein consisting of nucleotides 6275 to 7630,
and the nucleotide sequence encoding the NS5B pro-
tein consisting of nucleotides 7631 to 9406 of SEQ ID
NO: 1.

7. The nucleic acid according to claim 6, which comprises
a 5' untranslated region of a hepatitis C virus genome other
than the hepatitis C virus genome of SEQ ID NO: 1, instead
of the 5' untranslated region comprising the nucleotide
sequence of nucleotides 1 to 340 of SEQ ID NO: 1.

8. A cell into which the nucleic acid according to claim 1
has been introduced.

9. A cell into which the nucleic acid according to claim 2
has been introduced.

10. The nucleic acid according to claim 1, wherein the 5'
untranslated region is a nucleotide sequence comprising
deletion, substitution, or addition of one or a plurality of
nucleotides in the nucleotide sequence of nucleotides 1 to
340 of SEQ ID NO: 1.

11. The nucleic acid according to claim 2, wherein the 5'
untranslated region is a nucleotide sequence comprising
deletion, substitution, or addition of one or a plurality of
nucleotides in the nucleotide sequence of nucleotides 1 to
340 of SEQ ID NO: 1.

12. The nucleic acid according to claim 3 comprising the
nucleotide sequence shown in any of SEQ ID NOs: 49 to 51.
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